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PREFACE. 



Tho investigations furnishing the materials for the two papers included in this volume have 
been carried on by the United States Geological Survey in cooperation with the State geological 
surveys of South Carolina, Georgia, Alabama, and Mississippi, under the direction of T. Way- 
land Vaughan, of the United States Geological Survey. 

The correlations with deposits in North Carolina are based on work carried on in that 
State by the writer from 1905 to 1909, under the auspices of the United States Geological 
Survey, in cooperation with the North Carolina Geological Survey, and under the immediate 
direction, during part of the time, of M. L. Fuller, of the United States Geological Survey, and 
during the remainder under that of Prof. William Bullock Clark, of Johns Hopkins University. 
In accordance with an agreement with the authorities of the Federal Survey the results of the 
North Carolina investigations were used in the preparation of a dissertation offered in fulfill- 
ment of one of the requirements for the degree of doctor of philosophy at Johns Hopkins 
University. 

Numerous exhaustive collections made in 1889 and 1891 by T. W. Stanton, of the United 
States Geological Survey, from localities in the Atlantic and Gulf Coastal Plain and additional 
smaller collections in the National Museum made by other investigators have been placed at 
the disposal of the writer. The fossils collected by Mr. Stanton in Mississippi were determined 
and listed by him shortly after his return from the field in 1889, and these lists with the accom- 
panying notes have also been placed at the disposal of the writer. For the assistance thus 
rendered and for many valuable suggestions and criticisms especial thanks are due to Mr. 
Stanton. 

The names of the echinoderm species included in the lists have been furnished by Prof. 
William Bullock Clark, to whom the specimens were sent for identification. Some of the fish 
remains mentioned in the text have been identified by Mr. J. W. Gidley, of the National Museum, 
and all the reptilian remains have been identified by Mr. C. W. Gilmore, also of the National 
Museum. Indebtedness is acknowledged to these gentlemen for their cooperation. 

During the progress of the investigations the writer has been associated both in the field 
and in numerous conferences with Mr. E. W. Berry, of Johns Hopkins University, who has been 
engaged in a study of the fossil plant remains from the Cretaceous beds. Indebtedness is 
acknowledged to Mr. Berry for numerous annotated lists of plant species and for the many 
benefits resulting from close association with an investigator of his ability. 

The writer has also been associated in the field and in conference with Dr. Eugene A. Smith, 
State geologist of Alabama, and with Mr. Earle Sloan, State geologist of South Carolina, who 
have spared neither time nor effort in assisting in the solution of stratigraphic problems ia 
their respective States. He has also been associated with Mr. Otto Veatch, assistant State 
geologist of the Georgia Geological Survey, to whom thanks are due for much valuable assistance 
and also for field notes placed at the writer's disposal. 

The publications of many authors have also been freely drawn upon for information and for 
field guidance. 

In comparing the Cretaceous faunas of the South with those of New Jersey the writer has 
relied for his statements as to the range of New Jersey species on the excellent monograph by 
Stuart Weller, published in 1907 by the Geological Survey of New Jersey, entitled ''A report 
on the Cretaceous paleontology of New Jersey." 

As the investigations progressed the value of the representatives of the genus Exogyra 
in establishing the major faunal divisions into which the marine Upper Cretaceous deposits of 
the eastern Gulf region are divisible, and in correlating these divisions with Upper Cretaceous 
deposits elsewhere in the Atlantic and Gulf Coastal Plain, became more and more apparent. It 
has seemed appropriate, therefore, to describe the species and varieties of the genus and to note 
their distribution and range. 
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CRETACEOUS DEPOSITS OF THE EASTERN GULF REGIONV 



By Lloyd William Stkphenson. 



OBJECT AND SCOPE OP THE WORK, 

This paper is intended as a brief statement of the results of stratigraphic and paleon- 
tologic investigations made by the writer dming recent years in the Crietaceous areas of the 
eastern Gulf region. The principal objects in view were to determine the lithologic xmits worthy 
of recognition as formations or as members, the lithologic and paleontologic characters of these 
units, and their stratigraphic and age relations. Although the results of the work have not been 
ill all respects as satisfactory as might have been desired, yet it is believed that the purposes 
outlined have in large measure been accomplished. 

The major lithologic divisions present in the region have all been recognized more or less 
clearly by previous investigators, and no sweeping changes in the generally accepted nomencla- 
ture of the deposits have been found necessary. But one new name (McNairy sand member 
of the Ripley formation) is proposed and this is given the rank of member; two old forma- 
tional names which have, during recent years, fallen into disuse, have recently been revived 
by the writer* with the rank of members; and certain basal Cretaceous deposits in eastern 
Alabama and in Georgia, previously regarded as the eastward continuation of the Tuscaloosa 
formation, are shown with reasonable certainty to be of Lower Cretaceous age and therefore 
probably separated from the Tuscaloosa formation by an unconformity. However, more 
definite knowledge has been gained of the character and the geologic and geographic boundaries 
of the several units recognized. 

The chief additions to the knowledge of the region have been those furnished by a critical 
study of the organic remains entombed in the deposits; for by this means much light has been 
thrown on the age relations of the several lithologic units. On pages 23-40 it Is shown that the 
usual methods of mapping formational units fail properly to express true age relations when 
applied to the deposits of this region, and that to show these relations it is necessary to employ 
additional superimposed symbols. In places (see PL IX, in pocket) the boundaries of litho- 
logic units run obliquely to the general direction of the strike of the strata composing the Upper 
Cretaceous formations of the region with absolute disregard to the boimdaries of paleontologic 
zones and subzones. Although records of such phenomena are not uncommon in the litera- 
ture, the relative abruptness with which some of the lithologic units here treated merge hori- 
zontally into others of different character furnishes unusually striking examples of this sort, of 
formational relationship. 

The deposits considered are in part of Lower Cretaceous and in part of Upper Cretaceous 
age. Their area of surface occurrence embraces a belt of country extending from southern 
Illinois, where it is only a few miles wide, southward with gradually increasing width through 
Kentucky and Tennessee to Mississippi and western Alabama, where it reaches a maximum 
width of 80 mile^; thence sweeping around to the east in a broad curve through Alabama, and 
with gradually decreasing width extending northeastward into Georgia. The lower repre- 
sentatives of the series continue northeastward in a narrow belt of surface outcrops through 
Georgia and 'South Carolina, eventually connecting with similar deposits in North Carolina; 
the higher representatives also extend northeastward in Georgia, but they pass beneath over- 



1 Stephenson, L. W., Cretaceous [Georgia]: Bull. Georgia Geol. Survey No. 26, 1911, PI. V, pp. 111-112. 





10 CBETACEOUS -tE^OSITS OF THE EASTERN GULF REGION. 



• • 



» • 



lapping Eocene beds i\nd'it(V,t^bt reappear at the surface until the}^ reach the valley of Peeiiee 
River in eastern £K)iiHi 'feaYoIina, in which region, and also to the northeastward in North 
Carolina, expo^r^Vaffe common along the streams. 






PAST AND PRESENT INTERPRETATIONS. 

LOWER CRETACEOUS. 



• » 



The basal portion of the rocks of the Coastal Plain in the rejjion included between the Alabama 
Valley in Alabama and the Roanoke Valley in North Carolina is comi)osed of highly cross- 
bedded arkosic sands, in general of coarse texture, with subordinate interbedded layers and 
lenses of light-colored clays of greater or lesser purity, reaching an estimated maximum thickness 
of 500 to 600 feet. Tiiese have been regarded <is the eastward contmuation of tlie Tuscaloosa 
formation by the Alabama and Georgia geologists.^ They have been d(»signated the ''Ham- 
burg beds'^ by Sloan ^ in South Carolina and the *'Cape Fear" formation by the writer' in 
North Carolina. These beds are separated by unconformities from the overlying Black Creek 
formation in the Carolinas and from the overlying Eutaw formation in the Chattahoochee and 
Alabama river regions in Georgia and Alabama. (See PI. I, B,) 

In 1906 the exposures of these beds on Chattahoochee River below Columbus, Ga., were 
examined by the writer, and during subsequent years numerous localities in Alabama and 
Georgia were visited by him. Various considerations, based on physical e\ddence, led him to 
conclude that the terrane is older than the Tuscaloosa formation, that it probably corresponds 
to the ** Hamburg beds^* of South Carolina and to the '*Cape Fear'^ formation of North Caro- 
lina, and that it is probably of Lower Cretaceous age. E. W. Berrj-, who later visited a num- 
ber of the localities in company with the wTiter, concurred in these views. 

The first and strongest argument in favor of this uxter])retation was the existence of a 
distinct unconformity separating these beds from the overlying Eutaw formation. This was 
noted unmistakably at McBride Ford on Upatoi Creek, Chattahoochee County, Ga.; at the 
Lumpkin road bridge over Upatoi Creek a few miles above its mouth; on Chattahoochee River 
just below the mouth of Upatoi Creek and at Broken Arrow Bend, 9 miles below Columbus, Ga. ; 
on the Scale road 4 miles southwest of Columbus in Russell County, Ala. (PI. I, B); and on Ala- 
bama River 5 miles above Montgomery, Ala. The unconformity was also questionably noted 
at several places intermediate between those named. Xo such unconformity is known to exist 
between the true Tuscaloosa formation and the overlying Eutaw formation in central or western 
Alabama or in Mississippi. 

The beds differ from the true Tuscaloosa dej)osits in the follo^ving respects: The sands 
contain a large ])ercent^e of white kaolin grains, which render them arkosic; the layers and 
lenses of clay are massive, being thus in contrast with the laminated beds so common in the 
Tuscaloosa (PI. I, -4); and the beds lack identifiable fossil ])larit remains except at one locality. 
On the other hand, in all these characters they strongly resemble the ''Hamburg beds^' of South 
Carolina and the ''Cape Fear beds*' of North Carolina, and it was this fact, together with their 
apparent continuity with the deposits of the Carolinas, that led to the belief that they are 
synchronous with those deposits. 

The ''Cape Fear'' formation is separated geographically from the Cretaceous deposits to 
the north in Virginia by an overlap of Miocene beds. However, in all their ])hysical characters 
the "Cape Fear" materials bear a close resemblance to the Patuxent formation, which forms 
the basal division of the Potomac group in Virginia and Maryland. On account of this physical 
similarity and because of their supposed buried connection with tii(* Virginia Patuxent, the 
application of the name Patuxent has been extended to include* those arkosic bods* in North 

1 Langdon, D. W., Variations in Cretaceous and Tertiary strata of Alabama: Hull. Geol. Soc. America, vol. 2, 1890, pp. 587-606. Veatch, Otto, 
Second report on the clays of (Jcorgia: Bull. Georgia Geol. Survey No. 18, 1909, pp. 82-106. 

* Sloan, Earle, Clays of South Carolina: Bull. South C^arolina Gool. Survey, 4th ser., No. 1, 1904, pp. 72-75; Handbook of South Carolina, State 
Dept. Agr., Com., and Imm., 1907, pp. 85-88. 

• Stephenson, L. W., Some facts relating to the Mcsozolc deposits of the Coastal Plain of North Carolina: Johns Ilopklns I'niv. Circ, new ser.. 
No. 7, July, 1907, pp. 93-99. 

« Stephenson, L. W., Tho Cretaceous formations [North Carolina]: North Carolina <m*o1. and Econ. Survey, vol. 3. 1912, pp. Kj-ll i. 



S. GEOLOOICAL SURVEV PROFESSIONAL PAPER 81 PLATE I 



LOWER CRETACEOUS SANDS AND CLAYS OVERLAIN UNCONFORMABLY 
BY PLEISTOCENE TERRACE GRAVELS, SANDS, AND SANDY LOAMS, 
COOSADA BLUFF, ALABAMA RIVER, 11 MILES NORTH OF MONTGOM- 
ERY, ALA. 



UNCONFORMABLE CONTACT BETWEEN LOWER CRETACEOUS CLAY AND BASAL SANDS 
OF THE EUTAW FORMATION, CUT IN SEALE ROAD, 4 MILES SOUTHWEST OF COLUMBUS, 
QA., IN RUSSELL COUNTY, ALA. 



PAST AND PRESENT INTERPBETATIONB. 11 

Carolina. In the absence of evidence to the contrary it would seem proper to extend the 
application of the name still farther south to include the apparently continuous deposits in 
South Carolina, Georgia, and Alabama. 

Until recently no organic remains had been found in the beds under discussion south of 
the Virginia line, but in the fall of 1910 the writer discovered a few poorly preserved plant 
remains in beds exposed in a bluff on Tallapoosa River at Old Fort Decatur, in Macon County, 
Ala. These have been submitted to E. W. Berry, who expresses the opinion that the beds con- 
taining them are of Lower Cretaceous age. One poorly preserved cast of a Unio was found 
associated with the plant remains. 

The previous conclusions regarding the age of the beds below the Eutaw formation seem 
thus to be confinned by the paleontologic evidence. Unfortunately the poorly preserved con- 
dition of the leaves renders it difficult to determine satisfactorily the relation of the formation 
to the Patuxent formation of Virginia and Maryland. However, in Berry's opinion, the 
presence of large numbers of leaves, apparently dicotyledons, most of which are too poorly 
preserved to permit specific or even generic determination, seems to justify doubt as to their 
being as old as the Patuxent, in which similar questionably identified dicotyledons are very 
sparingly represented. 

The following statement concerning the fossil remains of the Patuxent formation is quoted 
from a paper by Clark and Bibbins: * 

The flora of the Patuxent formation includes Equiseta, ferns, cycads, conifers, monocotyledons, and a very few 
archaic dicotyledons, the coniferous and cycadean element being particularly strong. The known faima of the 
Patuxent formation is limited to a single Unio (Ward) and a fish (Fontaine). 

Should future discoveries confirm the doubt expressed by Berry as to the Patuxent age of 
the Lower Cretaceous beds of Alabama and Georgia, and should it be found that the Alabama- 
Georgia Lower Cretaceous deposits are synchronous with the *'Cape Fear" formation, it would 
at once become apparent that the name Patuxent was not appropriate for Lower Cretaceous 
deposits anywhere south of Virginia. 

Although the ^'Cape Fear beds" appear to be continuous with the Lower Cretaceous arkosic 
beds of South Caroliaa, Georgia, and Alabama, it is possible that they are not actually con- 
tinuous; for the irregular character of the bedding, the presence of numerous local imconformi- 
ties within the beds, and the lack of extensive exposures render the detection of an important 
unconformity difficult — and such an unconformity may exist. 

A hypothesis which was suggested to the writer by T. W. Vaughan and which is worthy of 
consideration is that the arkosic beds extending from Maryland southward to Alabama were 
laid down along a coast mai^in which was being gradually and continuously depressed from the 
north to the south. In this case the deposits might actually be continuous and yet contain 
fossil plants at the south end of the belt of outcrop younger than those at the north end. 

TJPPEB CBETACEOTJS. 
EARLY CORRELATIONS. 

Morton's correlation. — ^The presence in the eastern Gulf region of the so-called ''Ferruginous 
sand formation" was first noted by Morton* in 1829, the beds thus designated being correlated 
with the ''Ferruginous sand formation" of New Jersey and with the Chalk of Europe, espe- 
cially with the Ferruginous sand of the English geologists and with the Lower Chalk of the 
French geologists. The term Cretaceous, which later supplanted the terms "Chalk" and 

** Ferruginous sand," was first applied to the American deposits by Morton* in 1833. 

/ — ^^— — -~— ^— — ^-^-^^— — — ^^-^^— ^^■^— ^— — ^— ^— ^-^ 

^ Clark, W. B., and Bibbins, Arthur, Geology of the Potomac group in the middle Atlantic slope: Bull. Oeol. Soc. America, vol. 13, 1902, p. 192. 

* Morton, S. O., Description of two new species of fossil shells of the genera Scaphites and Crepidula, with some observations on the ferruginous 
sand, plastic clay, and upper marine formations of the United States: Jour. Acad. Nat. Sci., vol. 6, 1802, pp. 107-129 (especially p. 127). 

* Morton, S. G., Synopsis of the organic remains of the Ferruginous sand formation of the United States: Am. Jour. Sci., 1st ser., vol. 24, 1833, 
pp. 12^132. 
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Tuomey^a classification. — In 1850 Tuomey^ described and mapped the Cretaceous deposits 
of Alabama. Two divisions, the Lower and Upper Cretaceous, were recognized. The former 
corresponded roughly to the Eutaw formation of the present report, and the latter included the 
Selma chalk and Ripley formation and, erroneously, a portion of the overlying Eocene strata. 
That part of the Cretaceous now included in the Tuscaloosa formation was erroneously referred 
to the Tertiarv. 

WincheWs cUissificaiion. — In 1857 Winchell* subdivided the Cretaceous of Alabama in 
descending order as follows: Prairie Bluff limefltolic; white sand; Rotten limestone; concrete 
sand; loose sand; sand and clay. 

The ^'sand and clay," the **loosc sand," and the ^'concrete sand" form parts of the Eutaw 
formation of this report; the ** Rotten limestone" is synonymous with the Selma chalk; the 
*' white sand" includes the glauconitic sands forming the basal portion of Prairie Bluff on 
Alabama River, Wilcox County, Ala.; the ''Prairie Bluff limestone" includes the few feet of 
chalk rock forming the uppermost beds of the Cretaceous at Prairie Bluff. This corresponds 
to the long, narrow tongue of- Selma chalk extending through Marengo and Wilcox counties 
above a westward-extending tongue of the Ripley formation. (See PI. IX, in pocket.) 

HUffard's dassijication.— -The first classification of the deposits of the eastern Gulf Coastal 
Plain, in which the whole series of Upper Cretaceous beds was definitely assigned to that epoch, 
was that of Hilgard,^ State geologist of Mississippi. He differentiated four major divisions in 
the Cretaceous deposits of that State, in descending order, as follows: Ripley group, Rotten 
limestone group, Tombigbee sand group, and Eutaw group. 

Smith and Johnson* s classification, — In 1887, Eugene A. Smith, State geologist of Alabama, 
and Lawrence C. Johnson* published a classification of the Cretaceous deposits of Alabama, the 
divisions recognized being as follows: Ripley formation. Rotten limestone, Eutaw formation, 
and Tuscaloosa formation. 

TUSCALOOSA AND EUTAW FORMATIONS. 

East-ceTitral Mississippi. — ^According to Hilgard the Eutaw rests upon Carboniferous 
rocks and includes aU the Cretaceous deposits below the Tombigbee sand. He says that it 
consists of ^'bluish black or reddish laminated clays, often lignitic, alternating with and usually 
overlain by noneffervescent sands, mostly (though not always) poor in mica and of a gray or 
yellow tint. Contains beds of lignite, very rarely other fossils." ' 

He adds: *'I adopt this name. (Eutaw group) in view of these beds having been first exam- 
ined in detail and recognized as being of Cretaceous age by Tuomey,* near Eutaw, Ala., where 
they are characteristically developed." 

The Tombigbee sand, as described by Hilgard, consists of — 

A fine-grained micaceous sand, more or less calcareous, usually of a greenish tint but not infrequently gray, bluish 
black, yellowish, and sometimes even orange-red. Clays and noncalcareous (as also at times nonmicaceous) sands 
are also found, although generally they are only subordinate to the characteristic greenish sand, which is the exclusive 
material in the southerly region of development, in South Monroe and Ix)wndes. 

The type region of the Tombigbee sand is in the vicinity of Columbus, in Lowndes County, 
Miss., where it is mapped as a belt 15 or 18 miles wide. The type exposures occur in bluffs of 
Tombigbee River in this county. (See PI. Ill, A.) North of Lowndes County the Tombigbee 
belt is represented as narrowing to a strip 2 to 4 miles wide, with a corresponding widening of 
the Eutaw area. By thus narrowing the Tombigbee belt what Hilgard actually did was to 
run his Eutaw-Tombigbee boundary line obliquely across the strike of the beds; north of this 
line he represents strata as belonging to the Eutaw which correspond in age and stratigraphic 

» Tuomey, M., First biennial report on the geology of Alabama, 1850, pp. 115-142. 

« Winchell, Alexander, Notes on the geology of middle and southern Alabama: Proc. Am. Assoc. Adv. Sc!., vol. 10, pt. 2, 1857, pp. 90-93. 

s Hflgard, E. W., Report on the geology and agriculture of the State of Mississippi, 1860, pp. 00-95. 

« Tertiary and Cretaceous strata of the Tuscaloosa, Tombigbee, and Alabama rivers: Bull. U. S. Gool. Survey No. «, 1887, pp. 71-138. 

* Hilgard, E. W., op. cit., p. 61. 

• Tuomey's account of the beds near Eutaw to which rcfen»nct< is made is recorded in the First biennial report on the geology of Alabama, 1850, 
pp. 11^120. Tuomey recognized the Cretaceous age of these beds but did not propose a formational name for them. 
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-*. TUSCALOOSA FORMATION, CONSISTING OF SANDS AND CLAYS WITH 
INTERBEDDED FERRUGINOUS LAYERS, HUNTSVILLE ROAD, Mi MILES 
EAST OF COTTONDALE, TUSCALOOSA COUNTY, ALA. 



LAMINATED SANDS AND CLAYS OF THE EUTAW FORMATION, BLUFF 
AT Z. LOGAN'S LANDING, WARRIOR RIVER, HALE COUNTY, ALA., 8H 
MILES {BY THE RIVER) ABOVE THE ALABAMA GREAT SOUTHERN 
RAILROAD BRIDGE. 
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A. TYPICAL BEDS OF THE TOMBIGBEE SAND MEMBER OF THE EUTAW 
FORMATION, PLYMOUTH BLUFF, TOMBIGBEE RIVER, LOWNDES COUNTY, 
MISS. 



LAMINATED SANDS AND CLAYS OF COFFEE SAND MEMBER OF THE 
EUTAW FORMATION, BLUFF JUST ABOVE PITTSBURG LANDING, HAR- 
DIN COUNTY, TENN. 
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position to the lower two-thirds or three-fourths of the Tombigbee as mapped south of the line; 
indeed the sections given as typical of the Eutaw lie within these northward Tombigbee 
representatives . 

Western Alabama, — The Eutaw group of Hilgard in Mississippi represents all of the 
Tuscaloosa formation and a part of the Eutaw formation as subsequently defined by Smith 
and Johnson in Alabama. Thej described the Tuscaloosa formation as consisting of at least 
1,000 feet of *' purple and mottled clays interstratified with white, yellowish- white, phik, and 
light purple micaceous sands, and near the base of the formation dark-gray, nearly black, 
thinly laminated clays with sand partings." 

The Eutaw formation is described as **a series of laminated sands and sandy clays at 
least 300 feet in thickness.'' 

If only those parts of the area in Mississippi immediately west of the Alabama line, mapped 
by Hilgard respectively as Eutaw and Tombigbee, are considered, liis Eutaw corresponds 
almost exactly to the Tuscaloosa formation of Smith and Johnson, and the Eutaw of those 
authors corresponds to the Tombigbee sand of Hilgard. However, the sections of the Eutaw 
described by Hilgard, all of which are north of Columbus in Mississippi, do not correspond to 
the Tuscaloosa formation, but, as previously stated, represent a part of the northward exten- 
sion of the Tombigbee as mapped, and hence actually correspond in stratigraphic position to 
a part of the Eutaw of Smith and Johnson. 

The essential differences between the Tuscaloosa and Eutaw of Smith and Johnson may 
perhaps best be stated as foUows: The Tuscaloosa consists of a succession of sands, clays, and 
gravels of probable estuarine and shallow- water origin, characterized by irregularity of bedding, 
and, where the conditions for their preservation were favorable, by the presence of fossil leaves 
(PL II, A) ; the Eutaw consists predominantly of glauconitic sands of marine origin, which in 
approximately the lower two-thirds or three-fourths of their thickness contain subordinate 
lenses of dark clay and exhibit lamination and fine cross-bedding (PI. II, B), and in the upper 
one-third or one-fourth are made up of massive beds of glauconitic sand, vdth calcareous sand 
beds in the extreme upper part (PI. Ill, A). So far as known no structur:-! break exists between 
the Tuscaloosa and Eutaw fo^nnations, sedimentation apparently having baen continuous from 
the one to the other. Nor has it been possible to recognize any sharp iithologic line of separation; 
between them, the change from the one kind of sedimentation to the other bftving been) 
transitional. 

The Mississippi representatives of the Eutaw formation of Smith and Johnson include, as 
previously stated, all of the Tombigbee sand and a part of the Eutaw group of Hilgard. Although 
the width of the Tombigbee belt as mapped by Hilgard inmiediately west of the Alabama line is 
15 to 18 miles, corresponding to a thickness of 400 or 500 feet, the actual sections given by him 
in this part of the area are all near the western border of the belt and probably include only 
about the upper 150 or 200 feet of the strata mapped. Farther north in Mississippi beds which 
correspond in stratigraphic position to the lower two-thirds or three-fourths of the Tombigbee 
as mapped in Lowndes C!ounty are included by Hilgard in his Eutaw group, and among these are 
the sections which he indicated as typical of this division in Mississippi. These beds correspond 
in age and position to a part of the Eutaw of Smith and Johnson, although in the intervening 
area in Lowndes County beds of the same age were mapped as Tombigbee. This confusion was 
due apparently to the fact that Hilgard failed to find in Lowndes County any of the beds of 
dark clay corresponding in position to those farther north, on the basis of which he seems to 
have differentiated his Eutaw group. These clays are of a resistant character, and where they 
occur in stream bluffs form rather conspicuous exposures ; but when the division as a whole is 
considered they constitute only subordinate lenses of clay in deposits made up in the main of 
glauconitic sands. Such clay beds, however, occur in Lowndes County, being exposed in the 
banks of Floating Turtle Creek a short distance east of Columbus. 

Readjustment of the nomendatnre, — From the facts brought out in the above discussion it 
is apparent that a readjustment of the nomenclature as applied by Hilgard to the beds subjacent 
to the Selma chalk in Mississippi is necessary. The classification of the corresponding deposits 
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in Alabama by Smith and Johnson is based on essential physical differences, namely, those 
depending on origin. In Mississippi these diflFerences were not recognized. It would appear, 
therefore, that the Alabama nomenclature is the more logical. 

In the opinion of the writer, the name Tuscaloosa, which stands for the lower irregularly 
bedded portion of the series, or for that portion which originated in shallow water, should be 
extended to include the corresponding deposits in Mississippi. 

The name Eutaw, which in Alabama stands for the upper or truly marine portion of the 
series, can appropriately be extended to include the corresponding beds in Mississippi, although 
this will mean the expansion of the term (as Hilgard used it) to include the Tombigbee sand 
above and its contraction to exclude the Mississippi representatives of the Tuscaloosa formation 
below. 

The name Tombigbee sand, however, if applied to the actual type sections of the division 
given by Hilgard and to their equivalents, is expressive of a natural phase or subdivision of the 
Eutaw formation and is eminently worthy of preservation in the literature. If Hilgard's imper- 
fect mapping is disregarded the sections of the Tombigbee sand given by him are all included 
within a thickness of strata which probably does not exceed 150 or 200 feet. Thus limited, the 
division includes the uppermost massive, glauconitic, more or less calcareous and phosphatic 
beds of the Eutaw formation, as distinguished from the more irregularly bedded and more 
argillaceous portion of the formation beneath it. These upper, massive beds are traceable for 
many miles northward from Lo\ivTides County, in Mississippi, and ^dth certain modifications they 
extend eastward entirely across Alabama into Georgia. They were recognized by Smith and 
Johnson and w^ere spoken of by them as the *' upper member of the Eutaw formation." This 
member, however, can not be sharply diflFerentiated from the remainder or lower part of the 
formation, for massive lenses of glauconitic sand of greater or lesser extent occur in places at 
lower levels than the Tombigbee member proper and in small exposures are not distinguishable 
from that member. 

The names Tuscaloosa and Eutaw were appUed in Mississippi by Crider ' in 1906 in approx- 
imately the sense here proposed, but he did not give his reasons for discarding the classification 
of Hilgard in favor of that of Smith and Johnson. 

Extent of the Tuscaloosa formation. — ^Beds representing the Tuscaloosa formation extend 
north from western Alabama in a wide belt, which includes the northwestern part of Alabama 
and a relatively narrow strip in the adjoining northeastern part of Mississippi. The formation 
as a whole, however, becomes rapidly thinner to the north and disappears in the vicinity of the 
Tennessee State line. It is doubtful if in the region of their outcrop the Alississippi representa- 
tives of the formation exceed a thickness of 400 feet. Hilgard did not differentiate these low^er 
beds of shallow-water origin from the higher beds of truly marine origin but included them in 
his Eutaw formation, as shown by the map accompanying his report. The Tuscaloosa forma- 
tion also extends from w^estem Alabama eastward nearly to Alabama River, where the terrane 
is believed to pinch out rather abruptly between the unconformably subjacent Ix)wer Creta- 
ceous beds and the overlying Eutaw formation. 

Extent of the Eutaw formation, — ^The Eutaw formation, as defined by Smith and Johnson, 
including the Tombigbee sand, extends northward through Mississippi without much change in 
stratigraphic boundaries, as far as northern Itawamba County. Here the upper boundary shifts 
abruptly to a much higher level, for in this region the basal part of the Selma chalk merges 
northward into massive marine sands indistinguishable in lithologic character from the typical 
Tombigbee sand. A tongue of impure, argillaceous, and sandy chalk, however, extends north- 
ward into the body of the Tombigbee member in eastern Lee County. (See PI. IX, in pocket.) 
Still farther north in eastern Alcorn and western Tishomingo counties these massive beds merge 
horizontally into glauconitic marine strata characterized by irregular bedding and by thin 
laminae and thinly laminated layers of dark clay. These extend northward as a narrow belt 
for a distance of 80 or 90 miles into Tennessee. This is the Coffee sand of Safford.^ 



» Crider, A. F., Geology and mineral resources of Mississippi: Bull. U. S. Cteol. Survey No. 283, 1906, pp. 12-16. 

« Saflord, J. M., On the Cretaceous and superior formations of west Tennessee: Am. Jour. Soi., 2d ser., vol. 37, 1S64, pp. 360-372; Geology of 
Tenneasee, 1S60, pp. 411-414. 
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A. BASAL MARINE BEDS OF THE EUTAW FORMATION, BROKEN 
ARROW BEND, CHATTAHOOCHEE RIVER, ALABAMA SIDE, 10M 
MILES (BY THE RIVER) BELOW COLUMBUS, GA. 



B. BEDS OF THE TOMBIGBEE SAND MEMBER OF THE EUTAW 
FORMATION AS DEVELOPED IN THE CHATTAHOOCHEE 
REGION, BANKS LANDING, CHATTAHOOCHEE RIVER, 26H 
MILES <BY THE RIVER) BELOW COLUMBUS, GA. 
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Lithologically the Coffee sand of Tennessee is strikingly similar to the part of the Eutaw 
formation below the Tombigbee sand member, with which it was correlated by Safford. This 
portion of the Eutaw (see Pis. IX, in pocket, and X, p. 20) is separated from the basal beds 
of the Eutaw by the intervening Tombigbee sand member. It seems appropriate, therefore, 
to give to these beds a separate designation, and for this reason Safford's term Coffee sand is 
here revived. The type exposure is in a bluff of Tennessee River just above Coffee Landing, 
Hardin County, Tenn. Plate III, 5, shows a typical exposure of the Coffee sand member near 
Pittsbiu-g Landing, on Tennessee River. 

From western Alabama the Eutaw formation, including the Tombigbee sand member, 
extends eastward entirely across the State of Alabama into Georgia. In this direction the 
formation is underlain conformably by the Tuscaloosa formation to a line within a short dis- 
tance west of Alabama River, where the Tuscaloosa pinches out rather abruptly between 
Lower Cretaceous beds which make their appearance equally abruptly, and the overlying 
Eutaw formation. From this place to its extreme eastern limit in Georgia the Eutaw is under- 
lain unconformably by Lower Cretaceous strata. (See Pis. I, B, p. 10, and IV, A.) 

In the Chattahoochee region the Eutaw formation includes the Eutaw group of Langdon * 
and about 120 feet of the overlying beds which that author included in his Ripley group but 
which, on paleontologic grounds, are hero correlated with the Tombigbee sand member of the 
Eutaw formation. The Bluff town marl of Veatch^ included these Tombigbee representatives 
and a part of the overlying Ripley formation. A typical exposure of the Tombigbee sand as 
developed on Chattahoochee River is shown in Plate IV, B. 

SELMA CHALK. 

Name. — The term '' Rotten limestone," as previously explained, was introduced by Alexander 
Winchell* in 1857 for the terrane now known as the Selma chalk. This descriptive name was 
the commonly accepted designation of this great body of chalk rock until the year 1894, when 
Smith, Langdon, and Johnson* proposed the geographic term Selma chalk, as a coname with 
"Rotten limestone," and since then the geographic term has been the accepted designation. 

Extent. — In western Alabama and east-central Mississippi the Selma chalk makes up all 
the Upper Cretaceous strata above the Tombigbee sand member of the Eutaw formation. 
The terrane rests conformably upon the Tombigbee sand and from the eastern part of Marengo 
County, Ala., to the northern part of Noxubee County, Miss., is overlain unconformably by 
Eocene strata carrying characteristic fossils. 

Chardcter. — ^The Selma chalk is described by Smith, Langdon, and Johnson ® as f oUows : 

The rock is of comparatively uniform composition^ being a gray to bluish-colored argillaceous limestone, traversed 
at intervals by beds of purer limestone, which is at the same time a little harder in texture. In some places the 
material is a dark-bluish clay marl. * * * 

Mr. K. M. Cunningham, of Mobile, a well-known microscopist, undertook for me the investigation of the char- 
acteristic rocks of this formation, and the results of his examination of specimens collected from various points from 
Montgomery westward are given in the accompanying article by him. The statement has often been made that the 
true chalk is absent from the Cretaceous formations of North America, but we have here evidence that it is present 
in no inconsiderable proportions in Alabama, and Hill has recently shown that it occuxb in Arkansas and in Texas, 
and we may reasonably infer that other States will yield upon closer examination very similar material. 

In western Alabama the Selma chalk has a thickness of nearly 1 ,000 feet. The basal Eocene 
strata which in this region overlie the Selma chalk were formerly correlated with the Ripley 
formation. The error was corrected in part by Harris" in 1896, in part by Smith' in 1910, and 
in part by the writer.* Typical exposures of the Selma chalk are shown in Plate V, A and B, 

1 Langdon, D. W., Jr., Variations in the Cretaceous and Tertiary strata of Alabama: Bull. Oeol. See. America, vol. 2, 1880, pp. 587-606. 

* Veatch, Otto, Second report on the clay deposits of Georgia: Bull. Oeol. Survey Georgia No. 18, 1909, pp. 82-100. 

* WincheU, Alexander, Statistics of some artesian wells of Alabama: Proc. Am. Assoc. Adv. Sci., vol. 10, pt. 2, 1857, p. 91. 

* Smith, £. A., Langdon, D. W., jr., and Johnson, L. C, On the geology of the Coastal Plain of Alabama, Geol. Survey Alabama, 1894, p. 255. 
» Idem, pp. 276, 285. 

* Harris, G. D., The Midway stage: Bull. Am. Paleontology, vol. 1, No. 4, 1896, pp. 25-36 (139-150). 

^ Smith, E. A., Cretaoeous-Eocene contact, Tombigbee River, Ala.: Jour. Geology, vol. 18, No. 5, 1910, pp. 430-434. 

* Stephenson, L. W., unpublished notes on sections at Bridgeport and Old Canton landings, Alabama River, in Wilcox County, and at Liy- 
talgston, in Sumter County. 
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LUholoffic subdivisions. — In 1903 Smith* divided the Selma chalk in Alabama into three 
parts on the basis of the relative content of lime and clay. The lower portion, which he esti- 
mates to include approximately one-third of the total thickness of the formation, contains 25 
per^ntor more of clayey impurities; this he called the Selma division. (See PI. V, B.) The 
middle portion, estimated to embrace one-third of the total thickness, contains less than 25 
per cent of clayey impurities; this he called the DemopoJis division. (See PL V, A.) The 
upper portion, embracing the remainder of the formation, contains 25 per cent or more of 
clayey impurities; this he called the Portland division. 

The purer phase of the chalk. Smith's Demopolis division, is traceable from western Ala- 
bama eastward in Alabama and northwestward and northward in Mississippi, but in each 
direction it becomes gradually thinner and less pure and eventually grades into impure sandy 
and argillaceous phases of the chalk rock. The impurities mentioned by Smith as distinguishing 
the lower and upper divisions of the chalk are not all of a clayey character, for important per- 
centages of sandy impurities are known to be present in considerable thicknesses of the strata, 
especially in the upper division in western Alabama and east-central Mississippi. 

Eastward in Alabama and northward in Mississippi the Selma chalk merges along the 
strike of the beds into nonchalky equivalents. This relation, as regards eastern Alabama, 
was formerly recognized as probable by the Alabama geologists (as shown by the quotations 
given below), but the vertical ranges of the fossils were not at the time sufficiently well known 
to permit a positive statement. 

It will be seen that the main variation from the western Alabama type consists in thev ery great increase in the 
area occupied by the strata of the Ripley type in the eastern part of the State. WTiether this results in part from an 
increase in the thickness of the strata themselves or from undulations in them may not perhaps be definitely asserted, 
but, taken in connection with the apparent absence of all the strata that can be referred to the Rotten limestone, it 
seems most probable that there is actually much greater thickness of the rocks of the Ripley type along the Chatta- 
hoochee and its vicinity than farther west, and that the Rotten limestone is replaced or represented by strata of the 
I physical aspect of the Ripley. The paleontology of these two divisions of the Cretaceous has not been very well 
worked out, so that the shells give us comparatively little help in the matter, especially when we consider the fact 
that in the Rotten limestone, although it has a very large number of shells in its strata, the^ shells are of very few 
kinds and mostly of those kinds that are common in the Ripley strata also.' 

East of the drainage of the Alabama River the Rotten limestone, such as occurs in Marengo, Perry, Dallas, Lowndes, 
and Montgomery' counties, is not represented. The exact eastern limit of this group has not as yet been determined, 
but evidences of its decreasing thickness are seen in the narrow outcrop in the neighborhood of Pike road, Mont- 
gomery County, where its north and south extent is only 5 miles as contrasted with 30 miles in Dallas Coimty. Further 
than this decrease in thickness our present information does not warrant us in saying anything. As has been stated 
before, no rocks bearing any lithologic resemblance to the Rotten limestone have been seen on the Chattahoochee 
River, whether or not this group is represented by strata of different composition from the typical aluminous limestone 
we are not in position to say, since no critical examination of the fossils of the several divisions of the Cretaceous 
has yet been undertaken. It !s much to be regretted that the divisions have been of necessity made on such arbitrary 
grounds as mere lithologic differences, since marked variations can be noted in almost any stratum of any of the 
groups, and experience in both the Tertiary and Cretaceous of Alabama has proved the risk of creating groups on 
any but combined physical and faunal differences.^ 

Deposition. — When the formation of the Sehna chalk began, the conditions favorable to 
this sort of deposition existed throughout an offshore area extending from western Russell 
County, Ala., to Itawamba County, Miss., a distance of approximately 300 miles. As Upper 
Cretaceous time progressed the area in which chalk was being laid down underwent certain 
marked expansions and contractions due to fluctuating conditions of sedimentation. In 
Mississippi conditions unfavorable to the de[)osition of chalk at first spread gradually south- 
westward from Itawamba County for 15 or 20 miles, producing the tongue of Tombigbee sand 
wliich extends from the north to the south through Lee County. (See PI. IX, in pocket.) 
This was followed by a rapid northward extension of conditions favorable to the deposition of 
impure chalk, thus producing a long tongue of Sehna chalk reaching as far as Hardin County, 
Tenn. Then succeeded a more gradual spreading of unfavorable conditions southward through 

' Smith, E. A., Tho f'ortlaml wmrnt inaUTials of f*<'mral and soiilhtfrn Alabama: S. Doc. No. 19, oSth Conj:., 1st scss., 19(KJ, pp. 12-2:}, map. 
^ Smith, E. A., Laugdon, 1). W., jr., and Johnson, L. C, On tho K<-oloKy of the Tojustal Plain of .Vlal)ama. Geol. Survt'.y Alabama, 1H94, pp. 
275, 276. 

'Idem, pp. 430,431. 
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B. SELMA CHALK AT ITS TYPE LOCALITY, ALABAMA RIVER, SELMA, ALA. 
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B. BEDS OF THE McNAIRY SAND MEMBER OF THE RtPLEY FORMATION, 
CUT OF SOUTHERN RAILWAY 1W MILES WEST OF CYPRESS, McNAIRY 
COUNTY, TENN. 
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Mississippi to the northern part of Noxubee County; this resulted in the production in Ten- 
nessee and Mississippi of the nonchalky Ripley fonnation above the Selma chalk. Finally 
there was another expansion of favorable conditions northward to a short distance north of 
Houston in Chickasaw County, forming the long narrow strip of chalk rock which makes up 
the extreme uppermost strata of the Cretaceous above the sands of the Ripley fonnation in 
Oktibbeha, Clay, and Chickasaw counties. (See PL IX.) 

In Mississippi, therefore, part of the Sehna chalk is replaced by synchronous nonchalky 
beds, and northward in Tennessee all of the Sehna is eventually thus replaced. In northern 
Mississippi and in Tennessee the nonchalky time equivalents of the basal portion of the Selma 
are referred to the Eutaw formation, and these equivalents include a part of the Tombigbee 
sand member of the Eutaw formation and all of the CoflFee sand member of the Eutaw. (See 
Pis. IX, in pocket, and X, p. 20; also pp. 12-15 and 21.) The time equivalents of the upper 
part of the Selma in Mississippi and northward in Tennessee, Kentucky, and southern Illinois 
are referred to the Ripley formation. 

In eastern Alabama, immediately after the beginning of chalk deposition, the conditions 
unfavorable to the formation of chalk gradually spread westward from Russell County, the 
materials laid down in the east being nonchalky marine beds which are here referred to the 
Ripley formation. Near the close of Upper Cretaceous sedimentation, as the record is pre- 
served, these unfavorable conditions had reached nearly to the western part of Marengo 
County, Ala. (See PL IX.) There was then a sudden eastward extension of favorable condi- 
tions, producing the long strip of chalk rock which extends above the sands of the Ripley 
almost to the eastern part of Dallas County and which forms the extreme uppermost beds of 
the Cretaceous along this distance. This is the *' Prairie BluflF limestone *' of Winchell.* As 
shown by the fossils, this rock is exactly synchronous with the similar tongue of chalk in Oktib- 
beha, Clay, and Chickasaw coimties. Miss., described above. 

Paleontologic subdivisions, — ^The Sehna chalk in the region of its fullest development is 
divisible on paleontologic grounds into two parts; the lower, embracing approximately the 
lower half of the formation, is most conspicuously characterized by the presence of Eocogyra 
ponderosa Roemer; the upper, embracing the remainder of the formation, is characterized by 
the presence of Exogyra costata Say and carries a fauna, especially near its top, which corre- 
sponds in a general way with the fauna of the originally described Ripley formation exposed 
in the bluffs of Owl Creek, 3 miles northeast of Ripley, Tippah Coimty, Miss., though it 
contains fewer species. 

RIPLEY FORMATION. 

I 

Mississippi. — The typical materials of the Ripley formation consist of marine, more or 
less calcareous and glauconitic sands, sandy clays, impure limestonesi and marls. These 
were originally described by Hilgard.^ The bluffs of Owl Creek, 3 miles northeast of Ripley, 
Tippah County, Miss., may be considered the type locality of the formation. One of the 
classic Owl Creek exposures is shown in Plate VI, A, Eocene limestones (Midway formation) 
which immediately overlie the Ripley formation in the Owl Creek region were included by 
Hilgard in the Ripley. This error in correlation was corrected by Harris,' in 1896. 

Tennessee and northvxird. — In the vicinity of the Tennessee State line and northward 
in Tennessee all but the basal beds of the formation appear to merge along the strike into 
shallow-water equivalents consisting of irregularly bedded, largely nonglauconitic sands and 
subordinate clays, probably in part of marine, in part of estuarine, and in part of fresh-water 
origin. Since the time of Safford* these have been correlated with the Ripley formation. 
Their lithologic dissimilarity to the typical materials of the Ripley formation seems to justify 
the use of a member name to designate them, and the name McNairy sand member, derived 

1 Winchell, Alexander, Statistics of some artesian weUs of Alabama: Proc. Am. Assoc. Ady. Sci., v(d. 10, pt. 2, 1857, p. 90. 
s Hilgard, E. W., Geology and agricolture of Mississippi, 1860, pp. S^-95. 

> Harris, 0. D., The Midway stage: Bull. Am. Paleontology, vol. 1, No. 4, 1896, pp. 22-25 (13&-139). 

* SaflTord, J. M., On the Cretaceoos and superior formations of west Tennessee: Am. Jour. Sci., vol. 37, 1804, pp. 360-372; Geology of Tennessee, 
1M9, p, 550, plates and map. 
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from McNairy County, Term., is proposed. The type section of this member is exposed in a 
cut of the Southern Railway 1 J miles west of Cypress station in this county, where the railroad 
passes through a ridge known as ''Big Hill/' (See PI. VI, B.) A section of this cut is given 
below: 

Section of McNairy saTid member of Ripley formatioji in cut on Southern Railway 7 J miles west of Cypress statum, McNairy 

County ^ Tenn. 

Feet. 

6. Yellowish sandy loam, grading down into reddish aigillaceous, rather coarse sand with irreg- 
ular iron crusts along base 6 

5. Coarse, loose cross-bedded varicolored sand with scattered small white clay films and pellets 

and with irregular sandy iron concretions in upper 2 feet 17-24 

4. Coarse corrugated ferruginous sandstone presenting many parallel cavities, round to irregular 
in cross section, of all diameters up to a foot or more, the cavities all pointing northeast and 
southwest. Pockets of varicolored sand occur intermixed with the ironstone masses 3-10 

3. Massive, loose, fine micaceous sand, pale yellowish green in upper part and blotched and 

streaked with purple in lower part 20 

2. Irregular layer of ferruginous sandstone 1-3 

1. Pale yellowish-green, loose, finely micaceous sand with numerous thin laminse of white and 
drab clay; toward the western end of the cut short, relatively thick lenses of black, car- 
bonaceous clay reaching a maximum thickness of 8 or 10 feet. The black clay contains a few 
imperfectly preserved leaf remains 25-30 

The McNairy member extends northward as a belt 5 to 15 miles in width, through Ten- 
nessee and Kentucky, to the southern extremity of Illinois. It is correlated with the Ripley 
formation, chiefly on the grounds of supposed continuity of strata. So far as known to the writer 
the only paleontologic evidence throwing light on the age of the member is that furnished 
by a single fossil found near Cairo, III. This specimen was discovered in an excavation for a 
bridge pier and later came into the possession of the State Museum at Springfield, lU. Thence it 
was sent to Dr. C, A. White, at the National Museum, Washington, D. C, and was identified by 
him as Exogyra costata Say. Recently the specimen was again sent to Washington by request 
and was determined by the writer to be a typical specimen of Exogyra costata var. canceUata 
Stephenson. The information given on the label accompanying the specimen is as follows: 
"Specimen No. 8358 of the State Natural History Museum, Springfield, lU. Locality: Bottom 
of Ohio River; found in sinking a caisson for Illinois Central Railroad bridge near Cairo, 111." 
The shell was not waterwom. Portions of the matrix in which the shell was originally em- 
bedded, adhering to the surface, consisted of fine gray calcareous, argillaceous, micaceous 
marine sand. Although from the account of its discovery it can not be positively asserted 
that this specimen of Exogyra was in its original position in marine sand where found, the 
assumption that it was in place seems reasonable. Whether this marine sand exists as a lens 
in the predominantly shallow-water beds of the McNairy sand member or constitutes a north- 
ward extension of the stratigraphically lower, purely marine strata of the Ripley formation 
of Tennessee, which in Kentucky and Illinois have become overlapped and buried by the 
beds of the McNairy member, is not definitely known. However, on the assumption that 
the specimen belonged in place where found, the Cretaceous sea is shown to have extended, 
probably as a broad, open embayment, as far north as Cairo. On the same assumption the 
containing beds belong stratigraphically within the zone of Exogyra costata (see p. 23) somewhere 
below the Liopistha protexta subzone. 

Safford included in his Ripley certain fossiliferous beds in eastern Hardeman County, 
Tenn., which Hariis ^ later showed to belong to the overlying Midway formation of the Eocene. 

Alabama and Georgia, — The time equivalents of the Selma chalk m eastern Alabama 
and in Georgia are referred in their entirety to the Ripley formation. The strata, except 
certain lithologic variations described below as members, are similar lithologically to the 
typical materials of the Ripley formation of northern Mississippi. They consist in the main 
of dark-gray or greenish-gray more or loss calcareous and glauconitic sands, sandy clays, 
impure limestones, and marls of marine origin. These bods constituted the Ripley group 

» Harris, 0. D., The Midway stage: Bull. Am. Paleontology, vol. 1, No. 4, 1896, pp. 18-22 (132-136). 
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CUSSETA SAND MEMBER OF THE RIPLEY FORMATION OVERLAIN BY 
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GEORGETOWN, GA. 
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of Langdon ^ except that he included m the division an additional 120 feet of strata at the 
base of the series, which are here, on paleontologic grounds, correlated with the Tombigbea 
sand member of the Eutaw formation. 

The Ripley formation of the Chattahoochee region is divisible paleontologically on the 
basis of the ranges of the contained species of Exogyra exactly in the same manner as was stated 
to be true of the Selma chalk. The lower part, embracing the lower one-third to one-half of 
the formation, is characterized by the presence of Exogyra ponderosa Roemer and Exogyra 
ponderosa var. erraticostata Stephenson; the upper, embracing the remainder of the formation, 
is characterized by the presence of Exogyra costaia Say. The formation contains a large number 
of invertebrate species which range from the base, or even from below the base of the formation, 
to its top, and it contains also a number of species with restricted ranges, some confined above 
and some below the horizon separating the two types of Exogyra. Typical exposures of the 
Ripley strata are shown in Plate VII, A, B. 

Northeastward from Chattahoochee River in Georgia the equivalents of the Ripley forma- 
tion pass first into a series of alternating marine and shallow-water beds and still farther north- 
eastward into irregularly bedded sands and clays of shallow-water origin, overlapped and 
concealed in central and eastern Georgia by Eocene beds. 

The classification of the Georgia Cretaceous deposits adopted by Otto Veatch in 1909- is 
essentially the same as that of Langdon, except that Veatch subdivided the Ripley into four 
parts — ^Bluflftown marl, Cusseta sand, Renfroes marl, and Providence sand — on the basis of the 
alternation of beds of marine and shallow-water origin recognizable in a part of the area. 

A part of the '^Blufftown marl," as previously explained, is here correlated with the Tombig- 
bee sand member of the Eutaw formation. The remainder of the '^BluflFtown" and the '*Ren- 
froes marl" are lithologically indistinguishable from the typical Ripley and require no separate 
designation. 

The basal part of the Ripley formation, embracing 200 or 300 feet of strata, merges north- 
eastward from the Chattahoochee region into irregularly bedded, nonglauconitic sands with 
subordinate lenses of clay, probably in part of shallow marine, in part of estuarine, and in part 
of fresh-water origin. These constitute the Cusseta sand member of the formation. (See PI. 
VIII. A.) 

The upper part of the formation also merges northeastward along the strike into irregu- 
larly bedded sands and clays similar to those of the Cusseta sand member. This is the Provi- 
dence sand member of the formation. A typical exposure is shown in Plate VIII, B. At its type 
section near Providence post office (now abandoned) about 8 miles west of Lumpkin, Ste^vart 
County, the member has a total thickness of 140 or 150 feet. The Providence sand is also 
represented west of Chattahoochee River along the southern border of the Cretaceous area in 
Barbour, BuUock, and Pike counties. It is believed that the top of the Providence sand member 
occupies a slightly higher stratigraphic position than the top of the Cretaceous farther west in 
the eastern Gulf region. 

Both the Cusseta sand member and the Providence sand member increase in thickness 
northeastward, whereas the intervening typical beds of the formation, the '*Renfroes marl" of 
Veatch, become gradually thinner, and eventually in Macon County appear to pinch out entirely. 
The entire thickness of the formation beyond this j)oint to the east is apparently represented by 
the Cusseta and Providence membei*s. 

SUMMARY OF PRESENT CLASSIFICATION. 

GENERAL SEQUENCE. 

The areal distribution of the several formations and members recognized in tnc eastern Gulf 
region is shown on the geologic map (PI. IX, in pocket) . Their stratigraphic j)ositions, lithologic 
variations, and age ecjuivalencies, are graphically represented in the diagram, Plate X. 

An unconformity of regional extent separates the Lower Cretaceous deposits from those of 
Upper Cretaceous age. The Upper Cretaceous deposits are believed to form in the main a 

1 Langdon, D. W., jr., Variations in the Cretaceous and Tertiary strata of Alabama: Bull. Geol. Soc. America, vol. 2, 1891, pp. 587-^06. 
> Veatch, Otto, Second report on the clay deposits of Georgia: Bull. Geol. Survey Georgia No. 18, 1909, pp. 82-106. 
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conformable series, although there are local unconformities of slight time importance in some of 
the shallow-water phases of the seri(»s. 

The Upper Cretaceous deposits throughout the extent of their oc^currence in the eastern 
Gulf region are overlain unconformably by Eocene strata. 

liOWEB CBETACEOUS. 

The oldest Cretaceous strata of the region constitute a terrane which in areal distribution 
extends from the Alabama River valley, north of ilontgomery, Ala., eastward through Alabama 
to the Chattahoochee River valley, at and immediately south of Columbus, Ga., and thence 
northeastward through Geoi^a, intersecting the Savamiah River valley at and south of 
Augusta, Ga. 

The materials consist of irregularly bedded, coarse, arkosic, more or less micaceous sand^ 
with subordinate lenses of usually massive clay of greater or h^sser purity. The terrane rests 
upon a basement of crystalline rocks and is separated from the overlying Eutaw and other 
Upper Cretaceous and Tertiary formations by an unconformity. A short distance west of 
Alabama River the formation passes unconformably benc^ath and is completely buried by 
overlapping strata of the Tuscaloosa formation. 

Fossil plants have been found in the terrane at one locality in AlabanuL 

UTPEB CRETACEOUS. 
TUSCALOOSA FORMATION. 

The Tuscaloosa formation consists of irregularly bedded sands, clays, and gravels having an 
estimated total thickness of 1,000 feet. The sands, even well down toward the base of the 
formation, are in places slightly glauconitic; the clays are in part massive and in part thinly 
laminated and are not unconmionly carbonaceous and lignitic; both the sands and clays 
vary in color from light drabs and grays to dark greens or grays, and are in many places 
varicolored, being blotched with purples, reds, pinks, yellows, and browns; the gravels occur 
chiefly in the basal beds of the formation near their contact with the underlying basement rocks. 

The formation rests unconformably upon a basement which consists cliiefly of Paleozoic 
rocks, but in i)art, toward the eastern end of the area, of crystalline rocks of probable pre- 
Cambrian age, and in part, at the extreme eastern end of its occurrence, of Ijower Cretaceous 
strata. The terrane is ov(Tlain conformably by the Eutaw formation. The Tuscaloosa forma- 
tion has yielded a large number of fossil plant species. 

EUTAW FORMATION. 

Typical beds, — The Eutaw formation consists predominantly of more or less glauconitic 
sand, massive to cross-bedded in structure, with, in parts of the terrane, irregularly interbedded 
fine lamina* and laminated layers of dark clay, the latter usually containing commuiuted plant 
fragments and some lignite. In places the beds are calcareous, this being especially true of the 
basiU part of the formation in the Chattahoochee region and of the ui)permost beds of the 
division throughout the greater part of its linear extent. The total thickness of the formation 
is estimated to be 400 to 500 feet. The beds are beheved to he entirely of marine origin, although 
much of the formation was doubtless laid down in very sliaUow marine* waters. On the basis 
of the distribution of massive as o))posed to laminated beds two members described below are 
differentiated within the formation. 

The terrane rests witli conformable relations u])on the underlying Tuscaloosa formation, 
and is overlain conformably in part by the Selma chalk and in i)art by the Ilij^ey formation. 

Marine invertebrate fossils occur abundantly in the basal 100 or 150 feet of the formation 
in the Chattahoochee region. Fossils also occur abundantly in i)laces in the Tombigbee mem- 
ber of the formation, as exi)laine(l below. Fossil i)lants have been found at two horizons below 
the Tombigbee member in the Chattahoochee region. 
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conformable series, although there are local unconformities of slin;ht time im|)ortance in some of 
the shallow-water phases of the series. 

The Upper Cretaceous deposits throu<rliout the ejctent of their occurrence in the eastern 
Gulf re^on are overlain unconformably by Piocene strata. 

LOWER CRETACEOUS. 

The oldest CretaccH)us strata of the re«?ion constitute a terrane which in areal distribution 
extends from the Alabama River valley, north of Mont<;:omery, Ala., eastwanl tlirough Alabama 
to the Chattahoochee River vaUey, at and immediately south of Columbus, Ga., and thence 
northeastward tlut)u^h Georjjia, intersecting the Savamiah River valley at and south of 
Au^sta, Ga. 

The materials consist of irre«^ularly bedded, coarse, arkosic, more or less micaceous sand, 
with subordinate lenses of usually massive clay of <^eater or h^sser purity. The terrane rests 
upon a basement of crystalline rocks and is separated from the overh'ing Eutaw and other 
Upper CVetaceous and Tertiary formations by an unconformity. A short distance west of 
Alabama River the formation })asses unconformably beneath and t; completely buried by 
overlapping strata of the Tuscaloosa formation. 

Fossil plants have been found in the terrane at one locality in Alabama. 

UPPER CRETACEOUS. 

TUSCALOOSA FORMATION. 

The Tuscaloosa formation consists of irregularly bedded saiuls, days, and gravels having an 
estimated total thickness of 1,000 feet. The samls, even well down toward the base of the 
formation, are in places slightly glauconitic; the clays are in ])art massive and in j)art thinly 
laminated and are not uncommonly carbonaceous and hgnitic; both the sands and clajrs 
vary in color from light dral)s and gravs to dark greens or grays, anil are in many places 
varicolored, being blotched ^^^th piu-i)les, reds, pinks, yeUows, and browns; the gravels occur 
chiefly in the basal beds of the formation near their contact with the underlying basement rocks. 

The formation rests unconformably u})on a basement which consists cliiefly of Paleozoic 
rocks, but in part, toward the eastern end of the area, of crystalline rt>cks of probable pre- 
Cambrian age, and in part, at the extreme eastern end of its occurrence, of Lower Cretaceous 
strata. The terrane is overlain conformably by the Eutaw formation. The Tuscaloosa forma- 
tion has yielded a large number of fossil jJant species. 

EUTAW FORMATION. 

Typical beds, — The Eutaw formation consists i)red()minantly of more or less glauconitic 
sand, massive to cross-bedded in structure, with, in parts of the terrane, irregularly interbedded 
fine lamina* and laminated layers of dark clay, the latter usually containing comminuted plant 
fragments and some lignite. In places the beds are calcareous, this being (^specially true of the 
basal part of the formation in the Chattahoochee region and of the u))i)ermost beds of the 
division throughout the greater part of its linear extent. The total thickn(*ss of the formation 
is estimated to be 400 to 500 feet. The l)eds are believed to be entirc^ly of marine origin, although 
much of the formation was doul)tU^s laid down in V(Ty shallow niariiu^ watc^rs. On the basis 
of the distribution of massive Jis o])i>osed to laminat(Ml Ix^dstwo ni(Mn])ei-s <l(\scribed below are 
differentiated within the formation. 

The terrane rests witli conformable relations u])()n the underlying Tuscaloosa formation, 
and is overlain conformably in j)art by the Selma chalk and in ])art by the Ki])ley formation. 

Marine invertebrate fossils occur abundantly in the l)asal 100 or 150 f(H't of the formation 
in the Chattahoochee region. Fossils also occur abundantly in ])laces in tiie Tombigbee mem- 
ber of the formation, as explained l)elow. Fossil i)lants have been found at two horizons below 
the Tombigbee member in the Chattahoochee region. 
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J. S. QEOLoaiCAL SURVEY 



SPECIMENS OF EXOGVRA COSTATA, EXOGYRA COSTATA VAR. CAN- 
CELLATA (NUMEROUSI, GRYPH^A VESICULARIS, ANOMIA ARGENTARIA, 
AND OTHER FOSSILS. WEATHERED FROM SELMA CHALK AT "BALD 
KNOB," JOSEPH REYNOLDS PLACE, 3 MILES WEST OF CORINTH, 
ALCORN COUNTY, MISS. 



SPECrMENS OF EXOGYRA PONDEROSA, EXOGYRA PONDEROSA VAR, 
ERRATICOSTATA (NUMEROUS), GRYPH/CA AUCELLA, AND OTHER 
FOSSILS, WEATHERED FROM BASAL BEDS OF SELMA CHALK NEAR 
PUBLIC ROAD, 1 MILE WEST OF COTTON GIN PORT, MONROE 
COUNTY, MISS. 
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Tombighee sand member. — The Tombigbee sand member consists of massive, glauconitic, 
more or less calcareous and argillaceous sand. Through Georgia^ Alabama, and east-central 
Mississippi it constitutes the upper 100 to 200 feet of the formation. In northern Mississippi 
it thickens above, embracing within its stratigraphic limits beds which are the time equivalents 
of a portion of the overlying Selma chalk. 

Marine invertebrate fossils are common in the lower and upper parts of the member in the 
Chattahoochee region and are numerous in the upper 50 or 75 feet of strata in Alabama and 
in east-central Mississippi; they occur also at several horizons in the thickened portion of the 
member in northern Mississippi. The teeth of fishes, particularly those of sharks, are numerous 
in the uppermost beds of the member in Alabama and in east-central Mississi|)pi, and with 
them occur other scattered, fragmental, vertebrate remains. 

Coffee sand member. — The Coffee sand member consists predominantly of glauconitic sands 
characterized by irregularity of bedding and by the presence of thin laminas and thinly laminated 
layers of dark clay. The beds are the Tennessee representatives of the thickened portion of 
the Tombigbee sand member of northern Mississippi, which in turn represents the time equivalent 
of the basal portion of the Selma chalk. (See PI. X.) The division has an estimated maximum 
thickness of 200 to 300 feet. The beds contain an abundance of comminuted plant fragments 
and scattered pieces of lignite. The member has yielded one identifiable fossil leaf, ScHix 
eutawensis Berry (identified by E. W. Berry). (See p. 26.) 

SELMA CHALK. 

The Selma chalk consists in the main of more or less argillaceous and sandy limestones 
rendered chalky by their large content of foraminiforal remains, with interbedded layers of 
nearly pure, hard limestone at wide intervals. In western Alabama the terrane has a measured 
maximum thickness of 930 feet as determined by the record of a well at Livingston, in Sumter 
County.. The formation rests conformably upon the Eutaw formation, and where it attains its 
maximum development in western Alabama and in east-central Mississippi is overlain uncon- 
formably by Eocene strata. 

The chalk beds merge along the strike in either direction into nonchalky equivalents, which 
in northern Mississippi and Tennessee are included in part in tjie Tombigbee and Coffee sand 
members of the Eutaw formation and in part in the Ripley formation, and in eastern Alabama 
are included entirely within the Ripley formation. 

In addition to Foraminifera, the chalk beds contain invertebrate fossils in greater or lesser 
abundance throughout their vertical and horizontal extent, the most conspicuous of which 
belong to the families OstreidaB and Anomiidse. Fossils are especially abundant in places in 
the impure, argillaceous phases of the terrane and weather out in great numbers. (See PL XI, 
Af B.) The chalk also contains scattered sharks' teeth and other fragmental vertebrate remains. 

RIPLEY FORMATION. 
1U88ISSIPPI. TENNSSSSE, KEITTUCKT, AKD CLLIVOIB. 

Typical beds, — ^The typical beds of the Ripley formation consist of more or less calcareous 
and glauconitic sands, sandy clays, impure limestones, and marls, of marine origin, reaching an 
estimated maximum thickness in this region of 250 to 350 feet. The formation rests with con- 
formable relations in part upon Paleozoic rocks, in part upon the Eutaw formation (in Ten- 
nessee), and in part upon the Selma chalk. From Tennessee and northern Mississippi south- 
ward the successively higher beds merge along the strike into the chalky limestones of the Selma 
formation. Northward the typical beds of the Ripley formation are believed to merge hori- 
zontally into a series of sands and clays of shallow-water origin, to which the name McNairy 
sand member is given. The formation is overlain unconformably by Tertiary beds of Eocene age. 

The typical beds of the Ripley formation contain in many places an abundance of inverte- 
brate fossil remains, some of which are in a remarkably perfect state of preservation. Sharks' 
teeth occur scattered sparingly through the deposits, which also contain a few fragments of 
bones. 
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McNairy sand member. — In the vicinity of the Tennessee State line the typical beds of the 
Ripley formation, except for a small thickness at the base, appear to merge along the strike into 
irregularly bedded, nonglauconitic sands and subordinate clays, for the most part of shallow- 
water origin. Their lithologic dissimilarity to the typical Ripley makes desirable a separate 
designation for them, and the name McNairy sand member, derived from McNairy County, 
Tenn., Ls proposed. This member probably reaches a maximum thickness of 400 or 500 feet. 
The beds have yielded a few imperfectly preserved leaf remains. 

ALABAMA AND GEORGIA. 

Typical beds. — The Ripley of eastern Alabama and of the immediate Chattahoochee region 
in Georgia resembles in all essential physical characters the Ripley of the type region in north- 
em Mississippi. The total estimated thickness of the formation in the Chattahoochee region is 
950 feet. The Ripley rests with conformable relations upon the Eutaw formation. From the 
base upward the successively higher beds merge along the strike westward in Alabama into the 
Selma chalk. Along the southern border of the formation in Alabama and northeastward in 
Georgia portions of the formation, and eventually all of the formation, merge into lithologically 
dissimilar materials. These variations from the typical materials are described below as members. 

The formation is overlain unconformably by Eocene strata. 

As in Mississippi, the typical Ripley in this region contains an abundance of invertebrate 
fossil remains which are at many places in a fine state of preservation. Scattered fragmentary 
vertebrate remains occur, including bones and teeth. Poorly preserved fossil leaves have been 
discovered in marine materials at one locality. 

Ousseia sand member. — Northeast of the Chattahoochee region in Georgia the basal 200 
or 300 feet of the formation merges along the strike of the beds into fine to coarse, irregularly 
bedded, nonglauconitic and noncalcareous sands with subordinate clay lenses, for the most part 
of shaQow-marine, but perhaps in part of estuarine and in part of fresh-water origin. These 
constitute the Cusseta sand member of the formation. No invertebrate fossils have been found 
in this member. A few species of fossil leaves have been found at two localities. 

Providence sand m^ember. — The upper beds of the Ripley formation also merge northeast- 
ward into irregularly bedded sands and clays similar to those of the Cusseta sand member. 
These form the Providence sand member of the formation. The thickness of this member at 
its type section near Providence post office (now abandoned), 8 miles west of Lumpkin in Stew- 
art County, LS 140 or 150 feet. Northeastward from the type locality the total thickness of the 
member increases, and the underl}dng typical beds of the Ripley, the ^^Renfroes marl" of 
Veatch, which intervenes between the Cusseta and Providence members, becomes thinner and 
appears to pinch out entirely in Macon County; beyond this county to the eastern extremity of 
its areal occurrence the entire thickness of the formation appears to be made up of these two 
members. The Providence sand is also represented west of Chattahoochee River along the 
southern border of the Cretaceous area in Barbour, Bullock, and Pike counties, Ala. 

No fossil remains have been found in this member. 

SXJBFICIAL DEPOSITS. 

The Cretaceous deposits are overlain locally in their area of outcrop by relatively thin 
surficial deposits, which have been disregarded in the mapping because their distribution has 
not been determined in sufficient detail and because their representation is not germane to the 
problems treated in this report. 

The surficial deposits consist chiefly of gravels, sands, clays, and loams. Some of them 
occupy the uplands between the streams and belong to the class of deposits commonly referred 
to the Lafayette formation (Pliocene ?) ; the remainder are disposed along the sides of the river 
valleys in the form of terrace deposits and are of Pleistocene and Recent age. Terraces are 
well developed along Tombigbee, Marion,Alabama, Coosa, Tallapoosa, and Chattahoochee rivers. 
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Exoffyra eo§taUi sone ' 



Exogvra pondero$a lone ^ 



The stratigraphic positions of each 
of these paleontologic divisions and the 
estimated thicknesses of strata embraced 
by them are shown in the generalized 
section (fig. 1). 

FOSSIL LOCAUTIES. 

For convenience in discussing the 
distribution and ranges of the eastern 
Gulf Cretaceous fossils the localities from 
which collections have been made have 
been grouped into the eight areas which 
are roughly outlined on the sketch map 
(fig. 2) and which may be designated (1) 
western Tennessee; (2) northern Missis- 
sippi; (3) region of Houston, Pontotoc, 
Aberdeen, Tupelo, etc.. Miss.; (4) east- 
central Mississippi and an adjacent por- 
tion of Alabama; (5) region of Warrior 
and Tombigbee rivers, Ala.; (6) region 
of Alabama River, Ala.; (7) region of 
Chunnenugga Ridge, etc., Ala. ; (8) Chat- 
tahoochee River and Georgia. 



PAUNAL ZONES AND SUBZONE8,' 

STBATIGBAPHIC RELATIONS. 

The paleontologic researches carried on in the eastern Gulf region have resulted in the 
differentiation of several invertebrate faunal zones and subzones in the Upper Cretaceous 
deposits. Named from the top downward, these are as follows: 

1. The Exogyra coatata zone, which embraces all the t>T>ical marine beds of the Cretaceous above the Exogyra 
ponderoaa zone. Near the top a well-marked sub- 
zone designated the Liopistha protexta subzone is 
traceable through a part of the region. New fau- 
nal elements appear in extreme uppermost Cre- 
taceous beds which locally in the region intervene 
between the Liopistha protexta subzone and the 
base of the overlying Eocene. 

2. The Exogyra ponderoaa zone, which is 
divisible into (a) the part of the zone included 
between the Mortoniceras subzone and the base of 
the Exogyra costata zone, and (fe) the Mortoniceras 
subzone. 

3. The basal beds of the Eutaw formation. 
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FiouBE 1.— Generalized section showing fossil zones and subzones in the eastern 
Oulf Upper Cretaceous deposits. In northern Mississippi and in Tennessee 
the top of the Eutaw formation rises to higher stratigraphic levels than in Ala- 
bama and In east<»ntral Mississippi, and includes the time equiyalents of the 
basal portion of the Selma chalk. Figures indicate thickness in feet. (See 
PI. X, p. 20.) 



DISTBEBXTTION AND RANGE OF THE SPECIES. 

The stratigraphic ranges of the invertebrate fossils identified from the areas just named 
are given in Tables 1 to 8, inclusive. In Table 9 the ranges as given in Tables 1 to 8 are sum- 
marized, and columns are added showing the stratigraphic occurrence in the Carolinas and 
New Jersey of such of the eastern Gulf species as are common to those States. Comparison 
with the western Gulf Upper Cretaceous faunas is omitted from the table and in large part 
from the text discussions, because the ranges of many of the species in that region are as yet 
but imperfectly known. Approximate correlations are possible, but as paleontologic investi- 
gations are now being conducted by the writer m the western Gulf region he has deemed it best 
to postpone an attempt at exact correlation until the results of this later work are available. 



1 See pp. 41-56. 
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In determining the fossils and preparing the lists on which the tables are based the writer 
was hampered by the fact that the types of many of the species were not at hand for comparison 
and that he had to depend on published descriptions and illustrations. The lists must therefore ■ 
j bo r^arded as of a preliminary 

|l ■ character. For this reason it 

I is to be expected that the ex- 

; haustive studies of the faunas 

! of the r^on soon to be under- 

taken will show the necessity 
for many changes in nomencla- 
ture and will reveal some errors 
in the determinationsof genera 
and species. It is also to be 
expected that some species now 
regarded as restricted in range 
within certain limits w^I be 
founci also at higher or lower 
horizons. Butthislesseningof 
the number of restricted forms 
will probably be offset by the 
discovery of new restricted 
forms, and by the recognition 
of specific differences in forms 
now regarded as having wide 
100 e zoo 3O0MUM vertical ranges. Itis believed, 

■"""'■" ^^^^^^~ however, that such changes as 

Hoome I.— Skeleh map Bhowliig aremof paleonlologlcooUoclknu Ibted to Tttblw 1 toS. The r _j -ii i » 

.,.™K™,™.hT™...™™3^ ■,«!,. h^n.™^... f,i.^.„Ki_ are found necessary will be of 

Qiunbars on the map corrcapona wlih the nurondn of Cho tabl«. -^ 

minor miportance as regards 
their effect upon the major conclusions reached through these preliminary studies. Many 
questionably identified species and many forms identified gencrically only have been omitted 
from the tables. 

Table 1. — Range of Cretaceous /omit in wetlem Ttnnfitee." 
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Vermes: 

Serpulacrataoea (Oannd) 

Hamulus onyz Morton 

H. 8quamo8U8 Oabb 

H. major Oabb , 

Mollusca: 

NucuJa percrassa Ck>m^ 

N. enfalwMfa (3abb 

I«da lonffifrons Conrad 

L.plnnarormaOabb 

Trigonoarca maconensb (Conrad) 

Breviarca coneata ( Oabb) 

Nemodon 8p. nov. (found also at Blnfltown, Oa., etc.) 

Barbatialintea Conrad 

Oeryilliopsis enslformis (Conrad) 

Ostrea tectloosta Oabb 

O. plumosa Morton 

O. pecuUarls Conrad 

O. sp. nov. (found also at Blue Banks Landing, N. C, etc.). 

O.sp.nov 

Gryphsea veslcularis Lamarck 

O. auoeUa Roemer 

£jEog3rra oostata Say 

£ . ponderosa Romer 

Fecten argillensis (Conrad 

P. slmpUcius 0>nrad 

P. quinqueoostatus Sowerby 

P. 8p. nov. (found abo at Snow Hill, N. C, eto.) 

Lima reticulata Forbes 

Anomia azventaria Morton 

A. omata Oabb 

A. sp. nov. (found also at Snow Hill, N. C, eto.) 

A. sp. (cl. A. llntea 0>nrad) 

Crenella serica CoTond 

Pholadomy a oocidentalis Morton 

Cymella bella (kmrad 

Liopistha protexta (Conrad 

L. sp. (afl. L. altemata Weller) 

VenJella oonradl (Morton) 

Etea carolincnsls (^nrad 

Eriphyla oonradl (Whitfield) 

(^rassateUites carolinensis (^nrad 

C. sp. nov. (found also at Roods Bend, Ala.«Ga., eto.) 

Scambula perplana (Conrad 

Luclna glebula Ck>nrad 

Tenea pmguis (CJonrad) 

Cardium spHlmani Conrad 

C. eufaulense Conrad , 

C. alabamense Oabb 

Isocardia sp. (cf. I. diflwoodensis Weller) 

Cyprimeria depressa Conrad 

Apnrodina recia Conrad 

(3yclothy ris atta (3onrad 

Legumen planulatum (Conrad) 

Baroda carolinensis CTonrad 

Linearia T omatissima Weller 

Leptosolen biplicata (Conrad) 

Scnizodesma appressa Oabb 

Corbula crassipllca Oabb 

C. carolinensis Omrad 

Bentalium ripleyanum CHtbb 

Lunatia obliquata Meek and Hayden 

Oyrodes crenata Conrad 

Turritella trilira Conrad 

T . quadrflira Johnson 

Scaphites oonradl (Morton) 

Sphenodiscus lenticularis (Owen) 
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collector. 

6784.— Cutof Louisville & Nashville R. R. 1| miles north of Fort Deposit, 
6785.— Cut of Louisville & Nashville R. R. 2 mUes north of Fort Deposit, 1 
6786.— Chit of Atlantic Ck)ast Line R. R. one-fourth mile north of Naftel 

son, collector. 

6787.— One-fourth to one-half mile east of Ork>n, Pike County, Ala., in ri 
6815-6819.— West end of Central of (Georgia Ry. cut, one-half mile w< 

Stephenson, collector. 

6830.— "Conecuh Falls," Union Sprino, Bullock County, Ala. L. W. fi 
6821.— Cut of Central of Oeorgia Ry. 2{ mUes west of Union Springs, Bui 
6822.— Cut of (Central of Ooorgia Ry. 2* miles west of Union Springs, Bu] 
6814.— Cut of Central of Georgia Ry. l) miles southwest of Hurtsboro in 

105" —No. 81—14. (To face page 24.) No. 6. 



-i 



I 
i 

« 



I 
i 
i 



■I 

•1 
I 



■ 

4 
I 
t 

■ 

'. 

I 

■■ 

* 
I 

I 



and 




CBETACEOUS DEPOSITS OF THE EASTERN GULF REGION. 25 

BASAL BBDS OF THB BUT AW FORMATION. 

Sixteen species have been determined from the basal 100 or 150 feet of the Eutaw forma- 
tion in the Chattahoochee region, and a few poorly preserved specimens, including Ostrea, 
Gryphsea, Pecten, and Cardium, have been found at and near the base of the formation on 
Alabama River north of Montgomery. Except for these no invertebrates are known in the 
basal beds of the Eutaw of the eastern Gulf region. 

RANGE OF THE SPECIES. 

The 16 species identified from the basal beds of the Eutaw formation in the Chattaiioochee 
region are as follows:* 

Fossils from basal beds of the EtUaw formation. 



MoUuBca— Continued. 

Pholadomya sp. no v. cL 

Etea carolinen£dB Conrad, abed, 

Cyprimeria depressa Conrad, abed. 

Baroda sp. no v. d, 

Leptosolen biplicata (Conrad), abed. 

Cymbophora lintea (Conrad), abed. 

Corbula carolineneds Conrad, bed. 

Placenticeras sp. (aff. P. guadalupee Roemer). d. 



MoUusca: 

Xucula percrassa Conrad, abed. 

Pema sp. no v. c d. 

Ostrea cretacea Morton, c d. 

O. sp. nov.? (cf . undescribed species from House Bluff, 

Alabama River, Ala.), cdf 
O. sp. (aff. O. lugubris Conrad), d. 
Exogyra upatoiensis Stephenson, d. 
Pecten sp. nov. c d. 

Anomia sp. nov. (also found at Snow Hill, N. C, etc.). 
bed. 

Of the 16 species listed 5 are restricted to the basal beds of thQ Eutaw; 10, or questionably 
11, range upward into the Mortoniceras subzone. Of these last, 7 continue above the Mor- 
toniceras subzone into the upper part of the Exogyra ponderosa zone; and 5 of these range on 
upward into the Exogyra costata zone. None of the 5 restricted species are known from sur- 
face outcrops in the Carolinas or in New Jersey. However, one of them, Exogyra upatoiensis 
Stephenson, has been recognized recently in a well sample obtained from the depths 1,974 to 
2,007 feet in a well boring at Charleston, S. C, and in the same sample was found an oyster 
related to Ostrea lugubris Conrad, but diflFering slightly from the similarly related oyster found 
in the basal beds of the Eutaw in the Chattahoochee region. 

CORRELATION. 

Invertebrates. — ^The 5 forms ^restricted to the basal beds of the Eutaw formation are all 
new to science and therefore afford but little positive evidence as to the age of the terrane. 
However, the beds in which they are found are known to occupy a position stratigraphically 
lower than any other marine invertebrate-bearing beds thus far discovered in the eastern Gulf 
region, and for this reason, if for no other, the fauna must be regarded as the oldest of its kind 
known in the region. The new species Exogyra upatoiensis Stephenson, which occurs in the 
marine beds near the base of the formation, has a markedly different surface sculpture from 
the other known species of this genus in the Atlantic and eastern Gulf Cretaceous. (See PI. XIII, 
figs. 1-4.) The presence of this species and of the fluted oyster related to Ostrea lugubris 
Conrad which occurs in the Eagle Ford shale of Texas may perhaps be considered paleontologio 
evidence of the greater age of this fauna. As the conditions for the preservation of one species 
of oyster are as favorable as they are for the preservation of any other species of the same 
family, this new species of Exogyra and the fluted oyster would be expected to appear in the 
collections from the overlying Tombigbee sand member if, in this region, they had lived con- 
temporaneously with the oyster Exogyra ponderosa Roemer, which is common in that member. 

From the range determinations as stated, the following conclusions have been deduced: 
(1) The invertebrate faima present in the basal beds of the Eutaw formation possesses elements 
in conmion with Cretaceous faunas of higher horizons in the same region; however, in passing 

^ The range of the 8i>ecies is shown by the letters appended: a, Exogyra cotUUa sone; 6, Exogyra ponderota sone above the Mortonioeras subcone; 
e, Mortonioeras subsone; d, basal beds of Eutaw formation. 
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from this basal horizon to the successively higher horizons the number of common species 
diminishes. (2) Although showing this relationship the fauna contains elements distinct from 
anything known at higher horizons. (3) It bears about the same relationship to the invertebrate 
fauna present in the upper part of the Black Creek formation of the Carolinas that it does to 
the fauna of the basal beds of the Ripley formation (part of Exogyra ponderosa zone between 
the Mortoniceras subzone and the Exogyra costata zone) in the Chattahoochee region. The 
basal beds of the Eutaw formation are therefore stratigraphically lower than the invertebrate- 
bearing beds of the Black Creek formation and, in the opinion of the writer, correspond approxi- 
mately to basal nonin vertebrate-bearing beds of that formation. (4) The basal beds of the 
Eutaw are represented at Charleston, S. C, by beds penetrated in a well boring between the 
deptlis 1,974 and 2,007 feet, which in turn probably represent the basal beds of the Black Creek 
formation of the Carolinas. (5) The actual evidence for a comparison of the basal Eutaw 
fauna with the Cretaceous faunas of New Jersey is slight, but combined wnth evidence furnished 
by the faunas from overlying horizons there seems to be sufficient grounds for correlating the 
containing strata approximately with the Magothy formation. 

To the west, in Alabama and Mississippi, the invertebrate-bearing basal beds of the Eutaw 
of the Chattahoochee region are represented by correspondmg basal Eutaw strata in which no 
well-preserved invertebrates have as yet been discovered. 

Plants. — Fossil plants have been obtained at several horizons in that part of the Eutaw 
formation below the Tombigbee sand member (Mortoniceras subzone). E. W. Berry, who 
studied them, recognized 27 species. He gives the following statement of his views on the 
significance of the plant remains in correlation : * 

It is clear that the flora of the Eutaw formation of Georgia is of approximately the same age as the Magothy- 
Matawan flora of the northern Coastal Plain and the Blac*k Creek flora of the Carolinas. It has much in common 
with the much more extensive Tuscaloosa flora of western Alabama, but is probably younger than the bulk of the 
Tuscaloosa flora or that found in the Middendorf arkose member of the Black Creek formation. 

The evidence furnished by tlie plants as interpreted by Berry is in essential agreement with 
that aflForded by the invertebrates. 

The Coffee sand member of the Eutaw formation, which is believed to be included within 
the part of the Exogyra ponderosa zone above the Mortoniceras subzone, has yielded the species 
Salix eutawensis Berry. This species was found by the writer in a cut of the Nashville, Chat- 
tanooga & St. Louis Railway a short distance oast of the station at Parsons, Decatur County, 
Tenn., and was identified by Berry. This form occurs in the extreme basal beds of the Eutaw 
formation at Broken Arrow Bend on Chattahoochee River and in the Black Creek formation 
of North Carolina, which indicates that the species ranges from the base of the Eutaw formation 
well up into the Exogyra ponderosa zone. The presence of the species in the Coffee sand tends 
to confirm the reference of this division to a position below the Exogyra costata zone; it can not, 
however, be taken as indicating any particular horizon between the base of the Eutaw formation 
and the top of the Exogyra ponderosa zone. 

Vertebrates. — ^The following vertebrate species, all sharks, have been collected from beds near 
the base of the Eutaw formation at Broken Arrow Bend: Corax falcatus Agassiz, Lamna texana 
Roemer, Otodus appendiculaius Agassiz. As these species are all known to have a wide strati- 
graphic range they have no value in close correlation. 

EXOGTBA PONDEBOSA ZONE.' 
RANGE OF THE SPECIES. 

The species Exogyra ponderosa Roemer makes its first appearance near the base of the 
Tombigbee sand member of the Eutaw formation and ranges up to about the middle of the Selma 
chalk and its corresponding nonchalky equivalents. The lower boundary of this zone is shown in 
Plates IX and X by the red letter P and the upper boundary by the red line 2. The restriction of 
the species in stratigraphic range and its broad geographic distribution within the limits of its 

1 Berry, £. W., The Upper Cretaceous and Eooene floras of South Carolina and Georgia: Prof. Paper U. S. Oeol. Survey No. 84 (in prev). 
s See pp. 41-50. 
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range render it a characteristic form possessing value in correlation. The appropriateness of 
the name Ezogyra ponderosa to designate the zone in which the species occurs is, therefore, 
apparent. The species, including its varietal form Ezogyra ponderosa var. erraiicostata Steph- 
enson, has been found at 69 authentic locahties in the belt of outcrop of the zone in the eastern 
Gulf region.. By detailed coUecting this number could be multiplied many times. 

Within the stratigraphic limits of the zone of Eiogyra ponderosa in the eastern Gulf region 
the following 99 species (questionably 103) are known to occur: 

Fossils from zone of Exogyra ponderosa. ' 



Echinodermata : 

Cassidnlus subquadratus Conrad, a be. 
Vermes: 

Serpula cretacea (Conrad), a be. 

S. sp. (nearly straight tube), a be. 

Hamulus onyx Morton, a be. 

H. squamosus Gabb. a be. 

H. major Gabb. be. 
Mollusca: 

Nucula percraasa Conrad, a be d. 

N. eufalensis Grabb. a be. 

N. sp. (cf. undescribed species from Snow Hill, 
N. C). 6c. 

J^a pinnaforma Gabb. a be. 

L. longifrons Conrad, a be. 

L. protextB Gabb. a be. 

Perrisonota protexta Conrad, a be. 

Cuculleea carolinensis (Gabb). be. 

Trigonoarca maconensis (Conrad). 6c. 

Breviarca umbonata (Conrad). 6c. 

Nemodon brevifrons Conrad, a be. 

N. sp. nov. 6c. 

Barbatia lin tea Conrad. 6c 

Glycymeris subaustralis (D'Orbigny). a be. 

Gervilliopsifl ensiformis (Conrad), a be. 

Pema sp. nov. (found at Broken Arrow Bend, Ala.-Ga., 
etc.). bed. 

Ostrea plumosa Morton, a be. 

O. tecticosta Gabb. a be. 

O. larva Lamarck, a 6c. 

0. cretacea Morton. 6c d. 

O. diluviana Linnseus. 6c. 

O. panda Morton, a be. 

0. sp. nov. (large). 6c. 

0. sp. nov. (first found at House Bluff, Ala.). 6c df 

0. sp. nov. (also found at Blue Banks Landing, N. C, 
etc.). 6c. 

0. sp. nov. (very irregular), a be. 

0. sp. nov. (from near Hatchechubbee). 6c. 

Gryphaea vesicularis Lamarck, a be. 

G. vomer (Morton), a be. 

G. aucella Roemer. 6c. 

G. sp. (smooth, convex). 6c. 

Exogyra ponderosa Roemer. 6c. 

E. ponderosa var. erraticostata Stephenson. 6c. 

Trigonia eufalensis Gabb. a be. 

T. sp. nov. (also found at Snow Hill, N. C, etc.). 6c. 

Pecten quinquecostatus Sowerby. a be. 

P. argiUensis Conrad, a 6c f 

P. simplicius Conrad, a be. 



Moll usca — Continued . 

P. burlingtonensiaGabb. 6c. 

P. quinquenarius Conrad, a be. 

P. sp. nov. (also found at Snow Hill, N. C., etc.). 

bed. 
Lima reticulata Forbes, a be. 
L. pelagica (Morton), a 6c f 
Anomia aigentaria Morton, a be. 
A. lin tea Conrad, at be. 

A. sp. nov. (also found at Snow Hill, N. C, etc.). 6c d. 
Paranomia scabra (Morton), a be. 
Cymella bella Conrad, a be. 
Liopistha altemata Weller. 6c. 
L. sp. (aff. L. altemata Weller). 6c. 
Veniella conradi (Morton), a be. 
Etea carolinensis Conrad . a bed. 
Eriphy la conradi (Whitfield ) . 6c. 
Vetericardia crenalirata (Conrad), a be. 
Crassatellites carolinensis Conrad . 6c f 
C. sp. nov. 6c. 

Scambula perplana Conrad, a be. 
Radiolites austinensis Roemer. 6c. 
Arena carolinensis Conrad. 6c. 
Lucina glebula Conrad. 6c. 
Tenea pinguis (Conrad), a be. 
Cardium eufaulense Conrad, a be. 
C. spillmani Conrad, a be. 
C. alabamense Gabb. a be. 
i\ dumosum Conrad, a be. 
Isocardia cliffwoodensis Weller. 6c f 
Cyprimeria depressa Conrad, a be d. 
C. alta Conrad, a be. 
C. densata (Conrad), a be. 
Aphrodina regia Conrad . 6c. 
Cyclothyris alta Conrad. 6c. 
Legumen planulatum (Conrad), a be, 
Baroda carolinensis Conrad. 6c. 
Linearia metastriata Conrad . a be. 
Linearia? omatissima Weller. a be. 
Leptosolen biplicata (Conrad), a be d. 
Cymbophora lin tea (Conrad), a be d. 
Schizodesma appressa Gabb. a be. 
Corbula craasiplica Gabb. a be. 

C. carolinensis Conrad. 6c d. 
Panopea deciaa Conrad, a be. 
Gastrocluena americana Gabb. a be. 
Dentalium ripleyanum Gabb. a be. 

D. sp. nov. a be. 

Cadulus obnutus (Conrad), a be. 

Lunatia obliquata Meek and Hayden. a be. 



i a, Rgogjfn eotMa cone; he, Exogfra ponderosa lone as a whole, not necesaarfly both subsones; d, basal beds of Eutaw formation. 
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Mollusca — Continued. 
B. asper Morton. 6c. 
Placenticeraa planum Hyatt. 6c. 
P. guadalupse (Roemer). 6c. 
Mortoniceras sp. (aff. M. texanum (Roemer) ). 6c. 
Hamites torquatus Morton. 6c. 



Mollusca — Continued . 

Gyrodes abyssina (Morton), a be. 
G. crenata Conrad, a be. 
Turritella trilira Conrad, a 6c. 
T. quadrilira Johnson. 6c. 
Nautilus sp. nov. (large). 6c. 
Baculites anceps Lamarck? 6c. 

Of the species listed 37 are restricted to the Exogyra ponderosa zone; 10, or questionably 
11, range downward into the basal beds of the Eutaw formation (in the Chattahoochee region 
only) ; and 58, or questionably 60, range upward into the overlying Exogyra costata zone. Two, 
which occur in the zone of Exogyra costaia, are questionably present in the Exogyra ponderosa 
zone. 

Of the 37 restricted species 20 occur in the marine invertebrate-bearing beds forming the 
upper part of the Black Creek formation of the Carolinas, and of these but 1, and that ques- 
tionably, occurs in the basal beds of the overlying Peedee sand of the same region; in addition 
1 Black Creek species is questionably identified from the Exogyra ponderosa zone. Of the 
37 species 6 occur ^ in the Matawan group of New Jersey; and all 6 except the species Liopistha 
aUemata are conamon to the Black Creek formation of the Carolinas. The genus Mortoniceras, 
which in the eastern Gulf region occurs only in the Mortoniceras subzone, is present in New 
Jersey only in the Merchantville clay marl, which forms the basal formation of the Matawan 
group. None of the 37 species have been reported from the overlying Monmouth group, and 
but 1, Turritella quadrilira Johnson, from the underlying Magotliy formation. 

SUBZONES OF THE EXOGYRA PONDEROSA ZONE. 

oocxmREiroE of the fossils. 

The zone of Exogyra ponderosa is divisible paleontologically into two parts — ^first, the 
Mortoniceras subzone, which, from Chattahoochee River to Aberdeen, Miss., is regarded as 
approximately coincident with the Tombigbee sand member of the Eutaw formation, the 
chief occurrence of the genus Mortoniceras, however, being in the upper 75 to 100 feet of that 
member; and second, the remainder of the zone, or the part included between the Mortoniceras 
subzone and the base of the overlying Exogyra costata zone. Localities on Chattalioochee 
River and in eastern Alabama have yielded the bulk of the species from botli of these parts. 

The Tombigbee sand, where overlain by the Selma chalk, does not terminate abruptly in 
its upper part, but passes by gradation througli 5 to 10 feet of impure sandy limestone into 
the overlying chalk rock. The species characteristic of the Mortoniceras subzone are not 
restricted to the typical Tombigbee sand strata but range upward into these transition beds, 
for which reason the latter are considered to belong to the Tombigbee sand member rather than 
to the Selma chalk. In the region between Montgomery, Ala., and the vicinity of Hamburg, 
in Perry County, Ala., collections have been made at numerous places in fields where the fossils 
have weathered from these transition beds. For the purpose of this discussion these collections 
have been considered as coming from the Mortoniceras subzone, although there is admittedly 
a chance for the intermixture of fossils weathered from slightly higher beds of the Selma chalk. 
Portions of the matrix, however, adhere to many specimens, thus affording a means of judging 
of the approximate stratigraphic positions of the beds from which they were weathered. The 
possible error is in any event too slight to justify discarding the many valuable specimens 
obtained from this source. 



> This statement is made on the assumption that hocardin cliffwoodensia Weller is correctly identified, and that Lucina gldmla Conrad and 
Lucina cretacea Whitfield aro synonymous. 
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MORTOHICERAS STTBZOinE. 



Seventy-two species, questionably 75, are known from the Mortoniceras subzone. These 
are as follows : ^ 

Fossils from Mortonicercu subzone. 



a r. 



a e. 



Echinodermata : 

Cassidulus subquadratus Conrad. 
Vermes: 

Serpula sp. (nearly straight tube). 

Ilamulus onyx Morton, ab c. 

H. squamoBUS (jabb. ab c. 

H. major Gabb. a b c. 
^olliiBca : 

Nucula percrassa Conrad, abed. 

X. eulalensis Gabb. a c. 

N: sp. (cf. sp. nov. from Snow Hill, N. C). b c. 

Leda longifrons Conrad, ab c. 

Perrisonota protexta Conrad, a c. 

Cucullsea carolinensis (Gabb). 6 c. 

Breviarca umbonata (Conrad), c. 

Nemodon sp. nov. 6 c. 

Barbatia lintea Conrad, b c. 

Gervilliopsis ensiformis (Conrad), a b c. 

Pema sp. nov. (found at Broken Arrow Bend, Ala.- 
Ga., etc.). cd. 

Ostrea plumosa Morton, ab c. 

O. tecticosta Gabb. ab c. 

O. cretacea Morton, c d. 

O. diluviana LinnsBus. c. 

O. panda Morton, ab c. 

O. sp. nov. (first found at House Bluff, Ala.), c df 

O. sp. nov. (also found at Blue Banks Landing, N. C, 
etc.). be. 

O. sp. nov. (from near Hatchechubl>ee, Ala.), c. 

Gryphsea aucella Roemer. b c. 

Exogyra ponderosa Roemer. b c. 

E. ponderosa var. erraticostata Stephenson, b c. 

Trigonia eufalensis Gabb. a c. 

Pecten qulnquecostatus Sowerby. ab c. 

P. argUlensis Conrad, a bf cf 

P. simplicius Conrad, ab c. 

P. biurlingtonensis Gabb. b c. 

P. sp. nov. c d. 

Lima reticulata Forbes, ab c. 

L. pelagica (Morton), a cf 

Anomia argentaria Morton, ab c. 



Mollusca — Continued. 

Anomia sp. nov. (also found at Snow Hill, N. C, etc. ), 

bed. 
Cymella bella Conrad, ab c. 
Liopistha altemata Weller. c. 
L. sp. (aff. L. altemata Weller). c. 
Veniella conradi (Morton), ab c. 
Etea carolinensis Conrad, abed. 
Vetericardia crenalirata (Conrad), a c. 
Crassatellites carolinensis Conrad, bf cf 
Radiolites austinensis Roemer. b c. 
Arena carolinensis Conrad, c. 
Lucina glebula Conrad, bf c. 
Tenea pinguis (Conrad), a c. 
Cardium eufaulense Conrad, ab e. 
C. spillmaui Conrad, ab c. 
Cardium alabamense Gabb. a e. 
Cyprimeria depressa Conrad, abed. 
Cyclothyris alta Conrad, b c. 
Legumen planulatum (Conrad), ab c. 
Linearia metastriata Conrad, a e. 
Leptosolen biplicata (Conrad), abed. 
Cymbophora lintea (Conrad), abed. 
Schizodesma appressa Gabb. ab e. 
Corbula crassiplica Gabb. ab c. 

C. carolinensis Conrad, bed. 
Dentalium ripleyanum Gabb. ab e. 

D. sp. nov. a c. 

Cadulus obnutus (Conrad), a e. 

Lunatia obliquata Meek and Hayden. a be, 

Gyrodes abyssina (Morton), a e. 

G. crenata Conrad, ab c. 

Turritella trilira Conrad, ab c. 

T. quadrilira Johnson. 6 c. 

Nautilus sp. nov. (large), c. 

Baculites anceps Lamarck? c. 

B. asper Morton, b c. 

Placenticeras planum Hyatt, c. 

P. guadalupee (Roemer). c. 

Mortoniceras sp. (aff. texanum (Roemer)). c. 

Hamites torquatus Morton, c. 



Of the species listed 12, questionably 13, are restricted to the Mortoniceras subzone; 10, 
questionably 11, range downward into the basal beds of the Eutaw formation; 43, questionably 
44, range up into the part of the Exogyra ponderosa zone above the Mortoniceras subzone; 40 of 
the 72 occur in the Exogyra costata zone. Two known to be present in higher horizons are 
questionably present in the Mortoniceras subzone. Crassatellites carolinensis Conrad and Cor- 
hila carolinensis Ck)nrad, though questionably identified, belong to types not known to range 
above the zone of Exogyra ponderosa and are here treated as correctly identified. 

Of the 13 restricted species 2 occur in the marine invertebrate-bearing beds forming the 
upper part of the Black Creek formation of the Carolines, and none are known in the overlying 
Peedee sand of that region. Of the 13 restricted species, 1, Liopistha aUemaia Weller, occurs 
in New Jersey, where it is confined to the Merchantville clay marl which forms the base of the 
Matawan group. The genus Mortoniceras, which is represented in the eastern Gulf region by 



1 a, Engjfra costata Eone; b, Exogyra ponderosa zone above the Mortonicerofl subzone; e, Mortoniceras subzone; d, basal beds of Eutaw formation. 
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Mortoniceras sp. (aff. M. texanum Roemer), is represented in New Jersey by Mortoniceras 
delawarense (Morton) ; the latter is also confined to the Merchantville clay marl. 

PART OF EXOOYRA PONDEROSA ZONE BETWEEN THE MORTONIGEaAS SXTBZONE AND THE EXOOYRA 

COSTATA ZONE. 

From the part of the zone of Exogyra ponderosa included between the top of the Morton- 
iceras subzone and the base of the Exogyra costata zone 70 species, questionably 74, are known. 
These are as follows: 

Fossils from the part of the Exogyra ponderosa zone between the Mortoniceras subzone and the zone of Exogyra costata} 



Vennes: 

Serpula cretacea (Conrad), a b. 

Hamulus onyx Morton, a b c. 

H. squamosus Gabb. a b c. 

H. major Gabb. b c. 
Mollusca: 

Nucula percrassa Conrad . abed. 

N. sp. (cf. undescribed species from Snow Hill, N. C). 
6 c. 

Leda pinnaforma Gabb. a b. 

L. longifrons Conrad, a b c. 

L. protexta Conrad, a b. 

CucuUsea caroliuensis (Gabb). b c. 

Trigonoarca maconensis ( Conrad ) . b. 

Nemodon brevifrons Conrad, a b. 

N. sp. nov. b c. 

Barbatia lintea Conrad. 6 c. 

Glycymeris subaustralis (D'Orbigny). a b. 

Gervilliopsis ensiformis (Conrad), a b c. 

Ostrea pliimosa Morton, a b c. 

O. tecticosta Gabb. a b c. 

O. larva Lamarck, a b. 

O. panda Morton, a b c. 

O. sp. nov. (large), b. 

O. sp. nov. (also found at Blue Banks Landing, N. C, 
etc.). 6 c. 

0. sp. nov. (very irregular), a b. 

Gryphfea vesicularis Lamarck, a b. 

G. vomer (Morton), a b. 

G. aucella Roemer. b c. 

G. sp. (smooth, convex). 6. 

Exogyra ponderosa Roemer. b c. 

E. ponderosa var. erraticoetata Stephenson. 6 c. 

Trigonia sp. nov. (also found at Snow Hill, \. C., 
etc.). b, 

Pecten quinquecostatus Sowerby. a b c. 

P. argillensis Conrad, a bf cf 

P. simplicius Conrad, a b c. 

P. burlingt-onensis Gabb. b c. 

P. quinquenariuH Conrad, a b. 

Lima reticulata Forbes, a b c. 



Mollusca — Continued. 

Anomia argentaria Morton, a b c. 

A. lintea Conrad, af b. 

A. sp. nov. (also found at Snow Hill, N. C, etc.). 

bed. 
Paranomia scabra (Morton), a b. 
Cymella bella Conrad, a b c. 
Veniella conradi (Morton), a b c. 
Etea carolinensis Conrad, abed. 
Eriphyla conradi (Whitfield), b. 
Crassatellites carolinensis Conrad, bf cf 
C. sp. nov. 6. 

Scambula perplana Conrad, a b. 
Radiolites austinensis Roemer. b c. 
Lucina glebula Conrad . bf c. 
Cardium eufaulense Conrad, ab c. 
C. spillmani Conrad, ab c. 
C. dumosum Conrad, a b. 
Isocardia cliffwoodensis Weller (?) 6. 
Cyprimeria depressa Conrad, abed. 
C. alta Conrad, a b. 
C. densata (Conrad), a b. 
Aphrodinaregia Conrad. 6, 
Cyclothyris alta Conrad, b c. 
Legumen planulatum (Conrad), a b c. 
Baroda carolinensis Conrad, b. 
Linearia? ornatissima Weller, a b. 
Leptosolen biplicata (Conrad), abed. 
Cymbophora lintea ((Conrad), abed. 
Schizodesma appressa Gabb. a b c. 
Corbula crassiplica Gabb. a b c. 
C. carolinensis Conrad, bed. 
Panopea decisa (^onrad. a b. 
Gastrochiena americana Gabb. a b. 
Dentalium ripleyanum Gabb. a b c. 
Lunatia obliquata Meek and Ilayden. a b c. 
Gvrodcs crenata Conrad, a b c. 
Turritella trilira Conrad, a b c. 
T. quadri lira Johnson, b c. 
Baculites Aspvr Morton, b c. 



Of the species listed 8, questionably 9, are restricted to that part of the zone of Exogyra 
ponderosa under consideration; 44 ningo downward into the Mortoniceras subzone; 7 range on 
downward into the basal beds of the Eutaw formation (Chattahoochee region); and 46, ques- 
tionably 47, range uj)ward into the zone of Exogyra costata. Crassatellites carolin^iisw Conrad, 
though questionably identified, belongs to a flat ty})e of the genus restricted in range below the 
Exogyra costata zone and is treated as an identified species. Thiee species are questionably 
identified from the beds under consideration. 



1 a, Exogyra costata zone; b, Exogyra ponderosa zone abovo Mortoniceras subzone; c. Mortoniceras subzone; d, basal beds of Eutaw formation. 
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Of the 9 restricted species 8 (if Isocardia diffwoodenais Weller is correctly identified) occur 
in the marine invertebrate-beaiing beds forming the upper part of the Black Creek formation of 
the Carolinas, and 1 of the 8 occurs questionably in the extreme base of the overlying Peedee 
sand of the same region. 

Only 1 of the 9 restricted species, Eriphyla conradi (Whitfield), occurs in the Matawan 
group of New Jersey, and this one is common to the Merchantville clay marl and the Woodbury 
clay — the two basal formations of that group. None are known in the overlying Monmouth 
group of that State. 

CORRELATION OF THE EXOGYRA PONDEROSA ZONE. 

ZmnBRTEB&ATEB. 

The Carolinas, — A study of the invertebrates of the Carolina Cretaceous deposits has shown 
a restriction in the stratigraphic range of the species Exogyra ponderosa in that region similar to 
that of the same species in the eastern Gulf region. In the Carolinas the vertical ranges of 
typical specimens of Exogyra ponderosa and Exogyra costata overlap little if any, the former 
apparently disappearing at about the horizon where the latter makes its appearance. Exogyra 
ponderosa occurs in the marine invertebrate-bearing beds forming the upper part of the Black 
Creek formation. The synchroneity of these beds with at least a part of the Exogyra ponderosa 
zone of the eastern Gulf region is clearly shown, not only by the presence of this species but by 
that of numerous other similarly restricted species; for, as shown by the statement of ranges on 
a preceding page, of 37 species restricted to the zone of Exogyra ponderosa in the eastern Gulf 
region 20 occur associated with the same species in the Carolinas, and only 1 questionably iden- 
tified form is known in the overlying Peedee sand in association with Exogyra costata — and that 
one questionably identified form, Exogyra ponderosa var. erraticostata Stephenson, occurs only 
in the extreme basal beds of the Peedee sand. The Exogyra ponderosa zone of the. east em Gulf 
region is therefore with confidence correlated with a part of the Black Creek formation of the 
Carolinas. However, the apparent absence from the marine invertebrate-bearing beds of the 
Black Creek formation of those species regarded as characteristic of the Mortoniceras subzone 
in the eastern Gulf region is taken to indicate that this part of the zone of Exogyra ponderosa is 
represented in the Carolinas by a part of the Black Creek formation below the invertebrate- 
bearing beds of that terrane. The Black Creek fauna is strictly comparable with the fauna from 
localities on (!3iattahoochee River between Florence and the lower end of Roods Bend, Stewart 
County, Ga., an air-line distance of 5 to 6 miles, and from localities in the vicinity of Union 
Springs, Bullock County, Ala. These beds represent a part of the zone of Exogyra ponderosa 
above the Mortoniceras subzone. 

New Jersey. — In the New Jersey Cretaceous the species Exogyra ponderosa and Exogyra 
costata do not overlap m their ranges, the former being known only from the Marshalltown 
formation of the Matawan grouj), and the latter being restricted to the Monmouth group. Of the 
37 species which in the eastern Gulf region are restricted to the zone of Exogyra ponderosa, 6 are 
common to the Matawan, and none of the 37 are known in the Monmouth {Exogyra costata 
zone of New Jei-sey). All of the 6 except the species Liopistha alternata Weller, occur in the 
marine invertebrate-beaiing beds of the Black Creek formation of the Carolinas. 

It is beUeved, therefore, that the Matawan represents approximately the Exogyra ponderosa 
zone of the eastern Gulf region. The occurrence of the genus Mortoniceras and the species 
Liopistha alternata Weller in the Merchantville clay marl, wliich forms the basal formation of the 
Matawan group, is taken to indicate that the Merchantville is synchronous with the Mortoni- 
ceras subzone (lower part of zone of Exogyra ponderosa) of the eastern Gulf region, these two 
forms being considered characteristic of that hoiizon. However, specimens of Mortoniceras 
which have been referred to Mortoniceras delavxirense (Morton) have been obtained from the 
Campanien (upper Senonian) of France,* and specimens referred to Mortoniceras texanum 
(Roemer) have come from the lower part of the Santonien (lower Senonian) of the same countiy.^ 

> Pervinqui^ro, h., C^^phalopodes des terrains socondaircs: Carte gtologiquo do la Tunisio, Etudes do la paltontologio tunisiozmG, 1, 1907, pp. 
243-245, PI. XI, figs. 21 a-b, 22. 

« D© Grossouvre, A., Los ammoniums de la (Taio sup«h-ioiire: Mem. cxpl. Carto g6ol. de la Franw- Uecherfhes siir la craio siip^rieiiro, paUk)n- 
tologie, pt. 2, 1896, pp. 8()-KJ, PI. XVI, figs. 2, 3a, 3b, 4a, 4b, PI. XVII, figs, la, lb. 
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It is not certain that these forms have been correctly identified with the American species, but 
in view of the higher range of the genus m the European Cretaceous than in the supposed corre- 
sponding deposits in America it is best not to rely too strongly on this e^^dence in attempting to 
correlate exactly the eastern Gulf and New Jersey Cretaceous deposits. The remainder of the 
Matawan group, including in ascending order the Woodbury clay, the Englishtown sand, the 
Marshalltown formation, and the Wenonah sand, is believed to correspond to the part of the 
zone of Exogyra ponderosa between the Mortoniceras subzone and the base of the zone of Exogyra 
costata of the eastern Gulf region. 

Texa^. — ^The Mortoniceras subzone contains a number of mollusca known to be common to 
the Austin chalk of Texas and particularly to the upper part of that formation. These are as 
follows : 

Foss^ils common to Mortoniceras subzone and Austin chalk. 



Ostrea diluviana Linnaeus. 
Gryphaea aucella Roemer. 
Exogyra ponderosa Roemer. 
Radiolites austinensie Roemer. 



IJac-ulites ancepa I^amarck? 
B. asper Morton. 
Placenticeras planum Hyatt. 
P. guadalupae (Roemer). 



In the eastern Gulf region 4 of the species named in the list — GryphsMi aucella Roemer, Exo- 
gyra ponderosa Roemer, Radiolites austinenms Roemer, and Baculites asper Morton — are known 
to range above the Mortoniceras subzone into the basal beds of the overlying Selma chalk. The 
remainder appear to be restricted to the Mortoniceras subzone. In Texas 1 of the listed species, 
Exogyra ponderosa Roemer, is known to range above the Austin chalk mto the Taylor marl, and 
it is probable that future studies will reveal a higher range for some of the other species. Mor- 
toniceras sp. (aflF. M. texanum Roemer) of the eastern Gulf region is probably represented 'm the 
Austin chalk, but this has not been certainly verified. It seems probable that the Mortoniceras 
subzone of the eastern Gulf region will be found to be synchronous with a part of the Austin 
chalk. 

This correlation has already been suggested by Stanton.* Referring to the occurrence of 
Placenticeras syrtale var. Tiahi Hyatt in Greene County, Ala., ho says in a footnote quotation 
by Hyatt: ''Age: This specimen is probably from the Eutaw beds, which are probably very 
near the horizon of Placenticeras gu<idalupse [Austin chalk] in Texas.'' Stanton,^ in discussing 
the distribution of faunas of Colorado age, with which the Austin chalk is correlated, also states: 

No marine faunas of Colorado age are known in the Atlantic and Gulf borders east of western Arkansas, unless 
possibly the imperfectly known fauna of the Eutaw or ''Tombigbee" sand of Mississippi belongs to its latest phase. 

However, so little is known of the fauna of the overlymg Taylor marl that an attempt at exact 
correlation would be premature, especially as hivestigations are now be'uig conducted in that 
region. 



VERTEBRATES. 



Teeth and fragmental bones of vertebrates occur in places m the Exogyra ponderosa zone 
in the eastern Gulf region. The following species of fish have been identified: 

Fish remains from Exogyra ponderosa zone. 



: Enchodiis ? petrosus ('ope (identified by J. W. Gidley). 
Ptychodus ynartini Williston? 
Ilemiptychodus raortoni Mantell. 



Corax fau^atus Agasaiz (shark). 
Lamna texana Roemer (Hhark). 
Otodus appendiculatus Agassiz (shark). 
Ischyrhiza mira Leidy (identified by J. AV. Gidley). 

The 5 first-named forms have a wide vertical range and are of no value in close correlation. 
The species Ptyclwdus martini Williston? and HemiptycJiodus mortoni Mantell are limited in 
range in the eastcTii Gulf region to the Mortoniceras subzone; in the western interior region these 
species occur in the Niobrara formation, but are not known above that formation. These forms 
may prove of value in correlating the eastern Gulf Cretaceous with that of the western interior, 



» Hyatt, Alphciis, I'soudoccnititcs of the C'rcta^'eouij: Mon. U. S. Geol. Survey, vol. 44, 1903, p. 206. 

« Stanton, T. W., Suct-cssiou and distribution of later Mesozolc invortebrato faunas in North America: Jour. Geology, vol. 17, No. 6, 1909, p. 419. 
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although at present their ranges can scarcely be said to be known with sufficient definiteness to 
permit confident correlation. 

Teeth and fragmental bones of reptiles, including dinosaurs, mosasaurs, crocodiles, and 
turtles, have been found at numerous localities in the zone, but are for the most part too frag- 
mentary to permit specific determination. Two species of crocodiles, Thecachampsa rugosa 
Emmons, and Polydectes biturgidus Cope, from Roods Bend, Chattahoochee River, iden- 
tified by C. W. Gilmore, are said* by Mr. Gilmore to be identical with species obtained from 
Phoebus Landing, Cape Fear River, N. C, an upper Black Creek horizon. The evidence fur- 
nished by these forms tends, therefore, to corroborate the evidence aflForded by the fossil inver- 
tebrates. 



PLANTS. 



Fossil plants have been found at two localities in the Cusseta sand member of the Ripley 
formation in Georgia. Stratigraphically, this member falls within that part of the zone of 
Exogyra ponderosa included between the Mortoniceras subzone and the base of the zone of 
Exogyra costata. One of these localities is in Marion County, 6 mUes northeast of Buena Vista. 
E. W. Berry, to whom the plants were submitted, recognized six species from this locality, as 
follows: 



Andromeda novsecfiesarese Hollick. 
Araucaria bladenensis Berry. 
Eucalyptus angusta Velenovsky. 
Doryanthites cretaceum Berry. 



Ficufi geoigiana Berry. 

Manihotites georgiana Berry (same as at McBride Ford). 
Monocotyledon, gen. et sp. nov. (common to the Black 
Creek and Tuscaloosa formations). 



Concerning these he says : * 

Three of the foregoing species occur in the underlying Eutaw formation, and all but the Ficus, which is new, are 
found in the Black Creek formation of North and South Carolina. The Andromeda is a characteristic species of the 
Black Creek formation and one of the type fossils of the Magothy formation of the northern Coastal Plain, although it 
makes its earliest appearance in the Baritan formation, as does also the Eucalyptus. None of the six genera except 
Ficus are represented in the flora of the Montana group, and the latter is represented by very different species. It seems 
clear, then, that the Cusseta sand is pre-Montana in age and that it foils within the same general paleobotanic limits 
that include the Magothy-Matawan, typical Black Creek, Middendorf , and upper Tuscaloosa floras of the East and the 
flora of a part of the Dakota sandstone of the West. 

The other locality is in Houston County, IJ miles northeast of Byron. Concerning these 
Berry says: 

These plants number but three species — Dryopteriteg stephensoni Berry, Cunninghamites eUgans (Corda) End- 
licher, and Araucaria jeffreyi Berry, the first-named form being new to science. 

As Dryopterites occurs in the Lower Cretaceous, Dryopteris-like forms are found in post-Cretaceous floras down to 
the present time, and Dryopteris ( Aspidium) is to-day a widespread and dominant genus of ferns, the Georgia species, 
which is unlike any of the described forms, is of no value in correlation. Of the other two forms, Cunninghamites eU- 
gans has a rather wide geographic range, occurring both in this country and abroad, and a considerable geologic 
range. In Europe it ranges from the Cenomanian to the Senonian, inclusive, and in this country it has a parallel 
range, from the Magothy flora of the East to the Montana flora of the West. It has been recorded from Lower Cretaceous 
horizons in Europe, but these determinations are believed to be erroneous. The nearest geographic occurrence to that 
in Georgia is that of the upper part of the Black Creek formation of North Carolina; hence the conclusion that the 
exposures near Byron are not older than those of the Black Creek and not younger than those of the Montana group 
appears to be firmly established. 

The remaining species, Araucaria jeffreyi ^ is not a widespread form, and its intimate association with Amucaria 
hladenen»is in the Eutaw formation at Chimney Bluff, Ga., and in the Black Creek formation of North Carolina indicates 
that it may represent cone scales of the latter species. Taken alone, Aravxxiria jeffreyi points to the same conclusion 
regarding the age of the deposits near Byron as does the distribution of Araucaria bladenensis^ but the latter furnishes 
more definite data. 

Araucaria bladenensis is one of the most abundant and typical forms of the Black Creek formation in North and 
South Carolina, ranging from its base to its summit. It has also been found in the Cusseta sand member of the Ripley 
formation near Buena Vista, in the Eutaw formation just below the Tombigbee sand member at Chimney Bluff, and 
in the base of the Eutaw formation in western Alabama. A closely allied or identical form occurs in the Magothy of 
Maryland and New Jersey, and a similarly allied form has been described from the Turonian of Bohemia. 



1 Berry, £. W., Tbe Upper Creraceoos and Eocene floras of South Carolina and Georgia: Prof. Paper U. 8. Qeol. Survey No. 84 (in press). 
105°— No. 81—14 3 
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The evidence afiForded by the fossil plants is in harmony, therefore, with that afforded by 
the fossil invertebrates so far as the correlation of the formation with the Black Creek formation 
of the Carolinas is concerned. As regards the New Jersey Cretaceous, however, Berry appa- 
rently regards the beds as corresponding to a somewhat earlier horizon than that indicated by 
the invertebrates — namely, to the Mago thy formation. However, he admits elsewhere* that 
the Magothy flora possibly persisted to a later time in the Carolinas and Georgia than in New 
Jersey. 

EXOGTBA COST AT A ZONE.^ 



RANGE OF THE wSPECIES. 

Typical specmens of Exogyra costata Say make their first appearance just above the zone 
of Exogyra ponderosa and range upward to the top of the Cretaceous. The lower limit of this 
range is mdicated on Plates IX and X by red line 2, and the upper limit is coincident with the 
upper surface of the typical marine Cretaceous beds of the region. Between these two limits 
the species has a general geographic distribution throughout the typical marine beds. 

The name Exogyra costata is therefore obviously appropriate as a zonal designation. The 
species, including its varietal form Exogyra costata var. canceUata Stephenson, has been collected 
from 90 authentic localities within the geographic limits of the zone in the eastern Gulf region. 
This number could be multiplied many times by detailed collecting. 

Young individuals of the genus with well-developed, fairly typical costae, some approaching 
the average size of the adult Exogyra costata, have been found at rare intervals below the lower 
limit of the zone of Exogyra costata as indicated — that is, have been found in the zone of Exogyra 
ponderosa. Such specimens may perhaps be regarded as the ancestors of the well-developed 
costate forms of higher horizons. 

In the eastern Gulf region 185 species, questionably 187, are known in the zone of Exogyra 
costata. These are as follows:' 

FossiU/rom Exogyra costata zone. 



Echinodermata: 

Caesidulufl porrectue Clark, a. 

C. Bubconicus Clark, a. 

C. conoideus Clark, a. 

C. micrococcus Gabb. a. 

C. subquadratus Coorad. a c. 

C. intermedius Slociim. a. 

Ilemiaster ungula (Morton), a. 

H. parastatus (Morton), a. 

II. lacunosue Slocum. a. 

?Coptoeoma mortoni (De Loriol). a. 

Rhizocrinus alabamensis De Loriol. a. 

?Linthia variabilis Slociun. a. 
Vermes: 

Serpula cretacea (Conrad), a h. 

S. barbata Morton, a. 

S. sp. (nearly straight tube), a c. 

Hamulus onyx Morton, a b c. 

n. squamosus Gabb. a b c. 
Molluscoidea: 

Terebratulina floridana (Morton), a. 

T . filosa Conrad . a . 
MoUusca: 

Nucula percrassa Conrad, abed. 

N. cuneifrons Conrad, a. 

N. eufalensis Gabb. a. c. 

Leda pinnaforma Gabb. a b. 



Mollusca — Continued. 

L^da longifrons Conrad, a b c. 

L. protexta Gabb. a b. 

Perrisonota protexta Conrad, a c. 

Cucullaea vulgaris Morton, a. 

C. antrosa Morton, a. 

C. littlei (Gabb). a. 

Trigonoarcasp. nov. (found at '*The Caves," Miss.), a. 

Breviarca cuneata (Gabb). a. 

Nemodon eufalensis (Gabb). a. 

N. brcvifrons Conrad, a b. 

Area rostellata Morton, a. 

Glycymeris subaustralis (D'Orbigny). a b. 

Pinna laqueata Conrad, a. 

Gervilliopsis ensiformis (Conrad), ab c. 

G. sp. nov. a. 

Inoceramus argenteus Conrad, a. 

Pteria petrosa (Conrad), a. 

Ostrea subspatulata Forbes, a. 

O. plumosa Morton, ab c, 

0. tecticosta Gabb. ab c. 

O. larva Lamarck, a b. 

O. peculiaris Conrad, a. 

O. panda Morton, a b c. 

O. sp. nov. (very irrc^ilar). a b. 

O. sp. nov. (long, thin, irregular), a. 

Gryphwa vesicularis Lamarck, a b. 



» Berry, E. W., The Upper Crctaocous and Eocene floras of South ('^irolina and Georgia: Prof. Paper U. 8. Geol. Survey No. 84 (in press). 

•See pp. 41-55. 

* a, Exogfra cottata sone; 6, Exogyra ponderosa sonu above Mortonicoraa subtone; c, Mortonioeras subsone; d, l)asal beds of Eutaw formation. 
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MoUuBca — Continued . 

Gryph^ea vomer (Morton), a h. 

Exogyra costatii Say. a. 

E. coatata var. cancellata Stephenson, a. 

Trigonia eufalensis Gabb. a c. 

T. thoracica Morton, a. 

T. angulicoBtata Gabb. a. 

Pecten quinquecostatus Sowerby. ab c. 

P. aigillensis Conrad a hf cf 

P. simplicius Conrad, ah c. 

P. quinquenariuB Conrad, a b. 

P. tenuiteetusGabb. a. 

P. parvus (Whitfield), a. 

P. venustus Morton, a. 

P. conradi (Whitfield), a. 

Dianchora echinata Morton, a. 

Plicatula urticosa (Morton), a. 

P. sp. nov. (found at Livingston, Ala., etc.). a. 

P. sp. nov. (first found at Demopolis, Ala.), a. 

Lima reticulata Forbes, a b c. 

L. acutilineata (Conrad), a. 

L. pelagica (Morton), a cf 

L. sp. nov. . a. 

Anomia aigentaria Morton, a b c, 

A . linif era Conrad . a . 

A. lintea Conrad, at b. 

A. omata Oabb. a. 

A. sp. nov. (found at Bartons Bluff, Ala., etc.). a. 

Paranomia scabra (Morton), a b 

Pul vinites argentea Coiu-ad . a . 

Crenella serica Conrad, a. 

C. elegantula Meek and Hayden (?). a. 

Dreissensia tippana Conrad, a. 

Pholadomya occidentalis Morton, a. 

P. littlei Gabb. a. 

Lithophaga ripleyana Gabb . a . 

Periplomyaapplicata Conrad, a. 

AnatimyU anteradiata Conrad, a. 

A. postflulcata (Conrad), a. 

Cymella bella Conrad, ab c. 

Liopistha protexta Conrad, a. 

Cuspidaria ventricosa Meek and Ilayden. a. 

C. jerseyensis W^eller. a. 

Veniella conradi (Morton), ab c. 

Etea carolinensis Conrad, abed. 

Vetericardia crenalirata (Conrad), a c. 

Crassatellites vadosa Morton, a. 

C. eufalensis Gabb. a. 

C. ripleyana Conrad, a. 

C. pteropsis Conrad, a. 

C. sp. nov. a. 

Scambula perplana Conrad, a b. 

Tenea pinguis (Conrad), a c. 

Sphserella concentrica Conrad, a. 

Cardium eufaulense Conrad, ab c. 

C. spillmani Conrad, ab c. 

C. ktlmmeli Weller. a. 

C. tippanum Conrad, a. 

C. alabamense Gabb. a c. 

C. dumosum Conrad, a b. 

Protocardium sp. nov. a. 



Mollusca — Continued. 

Cyprimeria depressa Conrad, abed. 
C. alta Conrad, a 6. 

C. densata (Conrad), a b. 
Aphrod ina tippana ( Conrad ) . a. 
Legumen planulatum (Conrad), ab c. 
£nona eufalensis Conrad, a. 
Linearia metastriata Conrad, a c. 

L.? omatissima Weller. a b. 
L. sp. nov.- (from Pataula Creek, Ga.). a. 
L. sp. nov. (from near W^enasoga, Miss.), a. 
Gari elliptica Gabb. a, 
LeptOBolen biplicata (Conrad), abed. 
Cymbophora lintea (Conrad), abed. 
Schizodesma appressa Gabb. a b c. 
Corbula crassiplica Gabb. ab c, 
Panopea decisa Conrad, a 6. 
Gastrochfena americana Gabb. a b. 
Pholas c i thara Morton . a . 
Dentalium ripleyanum Gabb. ab c. 

D. sp. nov. a c. 

Cadulus obnutus (Conrad), a c. 

Delphinula lapidosa Morton, a. 

Perissolax octolirata (Conrad ) . o . 

Trichoptropis? cancellaria Conrad, a. 

Scala sillimani (Morton ) . a. 

Lunatia obliquata Meek and Hayden ab c. 

Gyrodes petrosa (Morton ) . a. 

G. abyssina (Morton), a r. 

G. crenata Conrad, ab c. 

Xenophora leprosa (Morton), a. 

Turritella vertebroides Morton, a. 

T. tippana Conrad, a. 

T. trilira Conrad, a b c. 

T. sp, nov. (two spiral ridges), a. 

T. sp. nov. (very large), a. 

Laxispira lumbricalis Gabb. a. 

Pterocerella tippana (Conrad), a. 

Anchura abrupta Conrad, a. 

A. decemlirata Conrad. ' a. 

A. rostrata (Gabb). a. 

Pugnellus densatus Conrad, a. 

Pyropsis perlata Conrad . a. 

S trepsidura i n terrup ta Conrad . a . 

Rapana stantoni W'eller. a. 

Fusus holmesianus Gabb. a. 

F. tippanus Conrad, a. 

F . ? no vemliratus Conrad . a . 

Pyrifusus bellaliratus Conrad, a. 

P. subdensatus Conrad, a. 

Liopeplum cretacea (Conrad), a. 

L. canalis (Conrad), a. 

L. liodermum (Conrad), a. 

L. subjugosum (Gabb). a. 

Volutomorpha dumasensis Dall. a. 

V. eufalensis (Conrad), a. 

Morea cancellaria Conrad . a. 

Pleurotoma? melanopsis (Conrad), a. 

P.? laqueata (Conrad), a. 

Drillia? novemlirata Conrad . a. 

Daphnella? lintea Conrad, a. 
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MoUusca — Continued . 

D . ? Hubfilosa Conrad . a . 
Acteon linteuH Conrad, a. 
Ringicula pulchclla Shumard. 
BuUopsis cretacea Conrad, a. 
Bui la macroHtoma Gab h . a. 
B. mortoni Forbes, a. 
Cylichna recta Gabb. «. 
Nautilus dekayi Morton, a. 
Baculites columna Morton . a . 



a. 



Mollusca — Continued . 

Baculites labyrinthicus Morton, a, 
B. tippaensis Conrad, a. 
B. carinatus Morton, a. 
Scaphites conradi (Morton), a. 
Sphenodiscus lenticularis (Owen), a 
S. pleurisepta (Conrad), a. 
Uainites sp. no v. a. 
Turrilites altematus Tuomey. a. 
Belemnitella americana (Morton), a 



Of the 187 specias ILstod above, 127 are restricted to the Exogyra costata zone; 57, ques- 
tionably 59, range below it. One species which occurs at a lower horizon is questionably present 
in this zone. 



SUBZONES. 



OCCUBJLENCE OF THE FOSSILS. 



In the eastern Gulf region the zone of Exogyra costata is relatively prolific in species as 
compared with the zone of Exogyra ponderosa, the former containing about 85 per cent more 
than the latter. Although no exact figures have been prepared, much the greater number of 
species have come from the upper half of the zone. The most prolific fossil localities are found 
in the Ripley formation iiji Tippah and Union counties. Miss., and in the bluffs of Chattahoochee 
River from Eufaula, Ala., downstream to the mouth of Pataula Creek, Ga. That part of the 
zone represented by the Selma chalk (see Pis. IX in pocket and X, p. 20) in Alabama and 
Mississippi contains fewer species than the part represented by the Ripley type of materials. 
With the exception of a horizon near the top of the chalk formation, to be described below, the 
Selma chalk fossils (not including the Foraminif era) belong chiefly to the OstreidsB and Anomiidae 
families. This relative paucity of species in the chalk formation may be due in part to unfavor- 
able life conditions in the area where chalk was being deposited, or to unfavorable conditions 
of preservation, or to both. 



LIOPISTHA PROTEXTA SUBZONE. 



Toward the close of the deposition of the chalk formation the conditions for the existence 
of life and for the preservation of life remains were favorable, as is shown by the presence of a 
considerable fauna in the upper 40 or 50 feet of the terrane, here designated the Liopistha 
protexta subzono. This subzone is traceable along the top of the Selma chalk in western Alabama 
and east-central Mississippi, being coincident m the former State with the thin tongue of chalk 
rocks which runs eastward above the sands of the Ripley formation in Marengo and Wilcox 
counties, and in the latter State with the similar tongue of chalk ruiming north through Oktib- 
beha, Clay, and Chickasaw counties. (See red line 3, Pis. IX and X.) Excepting the Ostreidae, 
Pectinidee, Spondylidse, Limidse, and Anomiidse, the shells of which are usually preserved, the 
fossils present in the Liopistha protexta subzone in the Selma chalk are preserved chiefly in the 
form of casts, the materials of which are, as a rule, more or loss j)hosphatic. Of the 40 or 50 
species obtained the forms listed below appear to be restricted, within the area of the Selma chalk, 
to the LiopistJia protexta subzone; some of them, howaver, as explained below, are known to 
have a somewhat greater stratigraphic range Li the nonchalky equivalents of the chalk elsewhere 
in the eastern Gulf region and northward in the Atlantic coast region. Because of its wide 
geographic distribution in the uppermost beds of the Selma chalk the species Liopistha protexta 
Conrad has, for convenience, been chosen to designate the subzone. 



EXOGYRA COSTATA ZONE. 
Species chixracterUtic of Liopistha protexta gubzone. 
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Echinodermata : 

Hemiafiter lacunocrus Slocum. 
MoIluBCoidea: 

Terebratulina floridana (Morton). 
Molluflca: 

Cucullaea vulgaria Morton. 

Exogyra costata Say (variation with narrow, strong 
coetffi). 

Trigonia thoracica Morton. 

Pecten venustus Morton. 

Plicatula nrticoea (Morton). 

P. ep. nov. 

Liopifitha protexta Cbnrad. 

CraBsatellites vadoea Morton. 

Delphinula lapidosa Morton. 



MoUuBca — Continued. 

Periaeolax octolirata (Conrad). 

Scala sillimani (Morton). 

Gyrodes petrosa (Morton). 

Xenophora leprosa (Morton). 

Turritella vertebroidcs Morton. 

Bulla mortoni Forbes. 

Nautilus dekayi Morton. 

Baculites columna Morton. 

B. labyrinthicus Morton. 

B. tippaensb Conrad. 

B. carinatus Morton. 

Scaphites conradi (Morton) (varieties), 

Hamites sp. nov. 

Belemnitella americana (Morton). 



The Liopiaiha protexta subzone is traceable from the Sehna chalk into the Ripley formation, 
both northward in Mississippi and eastward in Alabama. In each direction there seems to be 
some expansion in the vertical ranges of most of the characteristic species, rendering the limits 
of the subzone less definite in the Ripley type of materials than in the Selma chalk. 



XZTREXB X7PPER 0BSTACE0U8 BEDS. 



In places in the eastern Gulf region ciertain f aunal elements, which seem to indicate a slightly 
higher stratigraphic position and a slightly younger age for the beds containing them than that 
of the Liofiatka protexta subzone, appear in the extreme uppermost beds of the Cretaceous in 
association with large numbers of other species common to the underlying beds. This horizon, 
however, is within the zone of Exogyra costata. The exposures on Chattahoochee River from 
Alexanders Bluff, 8 miles below Euf aula, to the mouth of Pataula Creek, and the exposures at 
the *^ Narrows" of Pataula Creek, 2 miles above its mouth, fall within this class. These newly 
introduced elements are represented by the following forms: 

Newly introduced species in extreme uppermost beds of the Cretaceous. 



Bchinodermata: 

CassiduluB porrectus Clark. 

C. Bubconicus Clark. 

C. conoideus Clark. 
MolluBca: 

Cucullsea littlei (Gabb). 



Mollusca — Continued. 

Breviarca cuneata (Gabb). 

Anomia omata Gabb. 

Cardium eufaulense Conrad (a lax^ge varietal form), 

Linearia sp. nov. (from Pataula Creek, Ga.). 

Tuiritella sp. nov. (with two spiral ridges). 



Indications of this higher horizon have also been noted in cuts north of Fort Deposit in 
Lowndes County, Ala., in an exposure a mile south of Houston, in Chickasaw County, Miss., 
and in an exposure 3 miles south of New Albany in Union County, Miss. 

CORRELATION OF THE ZONE. 
nrVXBTSBRATtB. 

The Carclinas. — The zone of Exogyra costata of the eastern Gulf region finds its counterpart 
in the Peedee sand of the Carolinas. Typical specimens of Exogyra costata make their first 
appearance in the basal beds of the Peedee sand and range to its summit. The fauna of the 
Peedee is small as compared with that of the corresponding deposits in the eastern Gulf region, 
the number of species known from the terrane being but 35. Of the 127 species restricted to 
the zone of Exogyra costata in the eastern Gulf region, 11 occur in the Peedee sand, and 4, 
questionably 6, in the underlying Black Creek formation. Of the 11 species only 1 ranges 
down into the Black Creek formation and this one is known only in the extreme uppermost 
beds of that formation. In contrast, the Black Creek fauna is large, including 92 known 
species. With so large a Black Creek fauna it is significant that of the 127 species restricted 
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to the zone of Exoffyra costata in the eastern Gulf region only 5 are known below that zone in 
the Can>linas. 

Of the 1 1 Peeilee sj)et*ios common to the Exogyra costata zone of the eastern Gulf region 
the following 10 are reganleil as peculiarly characteristic of that zone: 

Specif* (specially characteristic of Exogyra costata zone iji the CotoUtuis. 

MoUusca — Continued. 

Liopistha |m^tcxta Conrad. 
Tuiritella vertebroides Morton. 
Nautilus dekayi Morton. 
Sphenodiscus lenticularis (Owen). 
Belemnitella americana (Morton). 



MoUusca: 

Ostrea subspatulata Forbes. 
ExogjTa costata Say < typical .«i>ecimen8). 
E. costata var. cancellata Siej>hens«on. 
Lima acutilineata (Conratl >. 
Pholadomva little! Gabb. 



It is on the evidence of the species just enumerated that the Peedee sand is correlated with 
the zone of Exogyra costata of the eastern Gulf region. 

New Jersey. — In New Jersey the species Exogyra costata is limited in range to the Mon- 
mouth group, which includes the Momit Laurel sand, the Xavesmk marl, and the Redbank sand. 
Of the 127 species restricted to the zone ctf Exogyra costata in the eastern Gulf region, 3 species 
are known in the Rancocas formation, which overlies the Monmouth group; 29 species, question- 
ably 32, in the Monmouth; 19 species, questionably 24, in the Matawan group above the Mer- 
chantville clay marl, its basal formation; 10 species, questionably 11, in the Merchantville 
clay marl; and 2 species, questionably 3, in the Magothy formation. Of the 32 species conmion 
to the Monmouth group, 16, questionably 18, are restricted to that group, and 4, questionably 5, 
range down only into the Wenonah sand, which forms the uppermost formation of the Matawan 
group. Of the 18 restricted species in New Jersey the following are regarded as especially 
characteristic of the Exogyra costata zone: 

Species especially characteristic of the Exogyra costata zone in New Jersey. 
MoUusca: MoUusca- -Continued. 



(^ucull8ealittlei(Gabb). 
Exogyra costata Say. 
Pecten venustus Morton . 
Dianchora echinata Morton. 
Plicatula urticosa (Morton). 
Cuspidaria jerseyensis Wellcr. 
Cardium kdmmeli Weller. 
Xenophora Icprosa (Morton). 



Turritella vertebroides Morton. 
Anchura abrupta Conrad. 
Bulla niacroatoma Gabb. 
B. mortoni Forbes. 
Nautilus dekayi Morton. 
Sphenodiscus lenticularis (Owen). 
Belemnitella americana (Mortem). 



The species enumerated are taken to indicate the synchroncity of the Monmouth group 
with the Exogyra costata zone of the eastern Gulf region. 

Texas, — ^The fauna of the Navarro formation of Texas has long been correlated with the 
fauna of the Ripley formation of Tippah County, northern Mississippi. Although a critical 
comparison of the two faunas has not been made it is known that many species regarded as 
characteristic of the Ripley beds of Tippah County, and in general of the Exogyra costata zone 
of the eastern Gulf region, are common to the Navarro formation. There is abimdant reason, 
therefore, for regarding the correlation as correct. Little is known of the fauna of the Taylor 
marl, which in Texas uitervenes between the Austin chalk and the Navarro formation. The 
>exact correlation of the Taylor marl is therefore one of the problems awaiting solution. 



VERTEBRATES. 



A few vert(»brat(> remains represented by teeth and fragmentary bones have been found 
in this zone. T(»eth of the following fishes have b(»en identified: 

Fink remains from zone of Erotpjra costata. 



Enchodus ferox T.eidy (identified by J. W. Gidley). 
Enchodu.s? j)etro8Us Cope (identified by J. W. Gidley). 
Ischyrhiza mira Leidy (identified by J. W. Gidley). 



Galeocerdo sp. (shark) (identified by J. \V. Gidley). 
Corax falcatufl Agassiz (shark). 
Lamna texana Roemer (shark). 
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A few fragmental remains of mosasaurs, crocodiles, and turtles have been found in the 
zone, but all are too imperfect for specific determination. 

Too little is known concerning the vertical ranges of the vertebrate animals to render them 
of value in exact correlation. 

PLANTS. 

With the exception of a few pieces of lignite or comminuted plant fragments, fossil plants 
have been found at but one locality in the zone of Exogyra costcUa. A few imperfect leaf remains 
were collected near the base of the zone on Cowikee Creek, a few hundred yards above its jimction 
with Chattahoochee River, in Barbour Coimty, Ala. 

E. W. Berry, who collected and studied these specimens, in a letter to the writer says: 

The fossil plants from Cowikee Creek are few in number and poorly preserved . The following forms are represented ; 



Bauhinia sp. no v. 
Platanus sp. nov. 
Launis sp. 



Salix sp. 

Sapindus sp. 

Fern, not determinable. 



The remains of the Bauhinia and Platanus are complete enough to demonstrate that they are new. The balance 
are too poor for accurate determination, although they all appear to be distinct from any forms of the earlier eastern 
Cretaceous floras. 

The slight evidence afforded by these plant remains seems to indicate that a change took 
place in the Cretaceous flora of the region almost coincidently with the appearance of the fauna 
characterizing the zone of Exogyra costata, 

SUMMARY. 

In eastern Alabama and in Georgia a terrane, previously regarded as forming the eastward 
continuation of the Tuscaloosa formation of western Alabama, has been shown by its fossil plant 
remains, on the authority of E. W. Berry, to be of Lower Cretaceous age and hence older than 
the Tuscaloosa formation. The fossil plants fiumshing the evidence for this determination of 
age are too poor to permit exact correlation with better known floras elsewhere; but the presence 
of large numbers of leaves, apparently dicotyledons, most of which are too poorly preserved to 
permit accurate determination, seems to indicate that they are younger than the Patuxent 
formation of the Potomac group (Virginia and Maryland) in which similar questionably identified 
dicotyledons are but sparingly represented. 

The Tiiscaloosa formation, the oldest of the Upper Cretaceous formations of the region, has 
yielded no invertebrate fossil remains, but a large number of plant species have been obtained 
from it. E. W. Berry, who is engaged in a study of the flora, correlates the basal portion of the 
formation with the Raritan formation of New Jersey and the remainder of the formation with 
the lower part of the Black Creek formation of the Carolinas (including the Middendorf arkose 
member) and with the whole or at least a part of the Magothy formation of New Jersey. 

The Upper Cretaceous deposits above the Tuscaloosa formation are divisible on the basis of 
their lithologic differences into formations and members. The physical relations of these units 
to each other are such that it is not possible clearly to represent their age relationships by the 
usual methods of mapping, for in many places the boundaries of lithologic imits nm obliquely 
to the general strike of the beds and do not coincide with the boundaries of paleontologic zones 
and subzones, and in several places important tongues of one imit project into the body of 
another unit. On the basis of the distribution of the contained invertebrate fossils these deposits 
have been divided into faunal zones and subzones whose positions are maintained along the 
direction of the strike of the typical marine beds irrespective of lithologic variations. These 
paleontologic parts furnish the means of correlatiug the deposits of the eastern Gulf region with 
corresponding deposits in the Atlantic coast region. The relations of the paleontologic zones 
and subzones to the lithologic units are graphically represented in Plates IX and X. 

The paleontologic parts recognized and their correlations are briefly summarized as follows : 

1. The basal beds of the Eutaw formation in the Chattahoochee region. These beds are 
believed to be represented in the Carolinas by noninvertebrate-bearing beds making up the 
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middle or lower portion of the Black Creek formation; they have been recognized paleonto- 
logically in a well boring at Charleston, S. C, at depths of 1,974 to 2,007 feet. In New Jersey 
they are represented by an undetermined upper portion of the Magothy formation. 

2. The Exogyra ponderosa zone, divisible into the Mortoniceras subzone and the remainder 
of the zone (included between the Mortoniceras subzone and the base of the Exogyra costata 
zone). 

The Mortoniceras subzone is represented in the Carolinas by a part of the Black Creek for- 
mation immediately beneath the invertebrate-bearing beds forming the upper part of the forma- 
tion, and in New Jersey probably by the Merchantville clay marl, the lowest formation of the 
Matawan group. The remainder of the zone is represented in the Carolinas by the marine 
invertebrate-bearing beds forming the upper part of the Black Creek formation, and in New 
Jersey by the Matawan group exclusive of the basal formation or Merchant-voile clay marl. 

3. The Exogyra costata zone, represented in the Carolinas by the Peedee sand and in New 
Jersey by the Monmouth group. 

Through a part of the eastern Gulf region the Liopistha protexta subzone is traceable near 
the top of the Exogyra costata zone, and, locally in the region, in beds believed to be slightly 
higher than those carrying the Liopistha protexta fauna, new faunal elements are introduced in 
association with species common to the Exogyra costata zone. The former has not been 
differentiated in either the Carolinas or New «Tersey Oetaceous ; the latter is probably represented 
in the Cretaceous beds exposed at and near Wilmington, N. C. 



SPECIES OF EXOGYRA FROM THE EASTERN GULF REGION AND THE 

CAROLINAS. 



By Lloyd William Stephenson. 



INTRODUCTION. 

In the preceding paper on '*The Cretaceous deposits of the eastern Gulf region/' the two 
principal representatives of the genus Exogyra, namely, Exogyra po(ndero8a Roemer and Ezogyra 
costata Say, have been used to designate the two principal faunal zones recognizable in the 
marine Upper Cretaceous deposits of the eastern Gulf region. On account of the prominence 
thus given to the genus and the inadequacy of the information previously published concerning 
its representatives in the region, the inclusion of the present paper in this report is deemed 
appropriate. 

The United States National Museum contains a large collection of Upper Cretaceous inver- 
tebrate fossils obtained during the past 25 or 30 years from localities in the eastern Gulf region 
and in the Carolinas. These have been collected chiefly by L. C. Johnson, T. W. Stanton, and 
the writer. A number of other persons have made small contributions. 

Among these collections are many specimens of Exogyra from horizons between the base 
and the top of the marine Cretaceous deposits. Indeed, here, as also throughout nearly the 
whole of the marine Upper Cretaceous deposits of the Atlantic and Gulf Coastal Plain, repre- 
sentatives of the genus are among the most abundant and generally distributed fossils. 

All the species and varieties of the genus now recognized in the eastern Gulf region and 
the Carolinas have in the past been referred by many authors to the one species Exogyra costata 
Say, though some of them have been recognized as worthy of at least varietal rank and as having 
different stratigraphic ranges. However, in Texas the relative stratigraphic positions of 
Exogyra ponderosa Eoemer and Exogyra costata Say have long been a matter of published record, 
and in New Jersey a similar restriction in the ranges of these two species has been recognized by 
Stuart Weller.* WeUer also recognized that the two species were similarly restricted in range 
in the South, basing his conclusions on collections from the Southern States, w^hich he examined 
in the National Museum. 

The purpose of this paper is to denionstrate that the representatives of the genus in these 

regions are separable into at least three species, two of which present well-characterized varieties, 

and to show that these forms are restricted in range in such a manner as to give them distinct 

value in correlation. The statements here given as to the range, distribution, and occurrence 

of the species and varieties of Exogyra in the eastern Gulf region and the Carolinas are based 

on a study of the collections in the National Museum and on personal field observations, except 

as otherwise stated. 

DEFINITION OF THE GENUS. 

The genus Exogjrra is a member of the family Ostreidae, superfamily Ostracea. It is distin- 
guished from Ostrea and Gryphaea, the other principal genera of the family, chiefly by its spirally 
curved beaks. The genus was first described by Say,^ the type being Exogyra costata Say. 
His description is as. follows: 

Shell inequivalve, inequilateral; cicatrix one, large, deeply impressed, subcentral; inferior valve convex, 
attached, umbo spiral, spire lateral, prominent, hinge with two parallel, transverse grooves; superior valve discoidal 
operculiform, umbo not prominent, revolving spirally within the margin, hinge with a single groove on the edge. 

1 The Cretaceous paleontology of New Jersey: New Jersey Geol. Survey, Paleontology, vol. 4, text, 1907, pp. 456-MO. 
* Say, Thomas, Am. Jour. Scl., 1st ser., vol. 2, 1820, p. 43. 
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The several generic characters described by Say may be seen by referring to the illustrations 
in this paper as follows : 

Relative sizes of lower and upper valves. — Lower valves, Plate XIII, figure 1, and Plate 
XV, figure 1. Upper valves, respectively, of same individuals, Plate XIII, figure 2, and 
Plate XV, figure 2. 

Character and position of cicatrix (adductor scar). — Lower vjilve, Plate XIX, figure 2. 
Upper valve, Plate XV, figure 3. 

Characters of left (lower) valve. — Convexity, Plate XIII, figure 7, and Plate XVI, figure 4. 
Examples of scar of attachment, Plate XIII, figures 1, 3, 4, 7. Position and spiral character of 
umbo (beak), Plate XIII, figures 5, 6, 7. Character of hinge, Plate XIX, figure 2. 

Characters of right (upper) valve. — Shape, Plate XV, figures 2, 3. Position and spiral 
character of umbo (beak), Plate XV, figure 2. Character of hinge, Plate XV, figure 3. 

GEOLOGIC RANGE OF THE GENUS. 

The genus Exogyra ranges in time from the Upper Jurassic to the close of the Cretaceous 
period. In the eastern Gulf region, however, the genus is known only in the Upper Cretaceous 
beds, its range here being from the base of the Eutaw formation upward to the top of the 
Cretaceous. (See fig. 1 , p. 23.) The formations embraced in this range are the Eutaw formation 
(including the Tombigbee sand member), the overlying Selma chalk, and the nonchalky marine 
equivalents of the Selma chalk. The latter, in northern Mississippi, comprises a part of the 
Tombigbee sand member of the Eutaw formation and all of the Ripley formation ; in eastern 
Alabama and Georgia it comprises the Ripley formation. 

In the Carolinas the range is somewhat more restricted than in the eastern Gulf region, the 
genus first making its appearance in beds toward the upper part of the Black Creek formation, 
which correspond approximately to the basal beds of the Selma chalk in its type region, and 
ranging upward through the remainder of the Black Creek strata and through all the overl3dng 
Peedee sand or to the top of the Cretaceous. 

GENERAL DESCRIPTION OF THE SPECIES AND VARIETIES. 

In the region under consideration three species of Exog\Ta have been recognized, two of 
which present variations of sufficient constancy to rank as varieties. 

Exogyra upatoiensis sp. nov. has been found at one horizon only, and its known geographic 
range along the strike is only about 8 miles. Its horizon is within a few feet of the base of the 
Eutaw formation in eastern Alabama and western Georgia, and is the lowest horizon at which 
the genus has been found east of Mississippi River. 

In shape and general proportions the species is similar to tlie other members of the genus 
from this region, but it is much smaller, the largest specimens in the collections not exceeding 
2} inches in length. The lower or larger (left) valve is marked on its outer surface by numerous 
fine, closely set, bifurcating, radiating costse, which present great irregularity as regards shape, 
size, and prom'mence, this peculiar ornamentation constituting the chief distinguishing character 
of the species. 

The original of Exogyra ponderosay described by Roemer,* is from the vicinity of New 
Braunfels, Tex. The species as described is characterized by the ponderous size of the adult 
specimens, by the faint development of the radiating costse, and by the rather strong develop- 
ment of concentric imbricating lamellse. However, among a number of specimens collected by 
Stanton from the type locality are some with fairly well developed irregular costae corresponding 
closely to those on th(* varietal form of the species from the eastern Gulf region (Exogyra ponderosa 
var. erraticostata) . 

The specimens from the eastern Gulf region and the (.'arolinas referred to Exogyra ponderosa 
agree in all their essential characters with Roemer^s species. However, in addition to the 

1 Rocmer, Ferdinand, Texas, Bonn, 1849, pp. 395-396; Die Kroidebfldungon von Texas, Bonn, 1852, pp. 71-72. 
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characters described by him, many of the specimens have on the beaks of the lai^er valves 
small regularly arranged costaB extending from near the tip of the beaks backward over the sur- 
face of the shell for one-half to three-quarters of an inch, and some of them have a series of more 
or less strongly developed, sharp to round ridged costse, which extend backward from the beak 
to a maximum distance of 5 inches, and which are strikingly irregular as regards their promi- 
nence, shape, and distribution. That these are variations within the species is proved by the 
fact that specimens showing all gradations from those entirely devoid of radiating costae to 
those possessing the distinctly developed irregular cost® may in places be obtained from the 
same horizon. Although the two extremes are connected by forms showing all intermediate 
gradations, the striking difference in appearance between the noncostate forms and those with 
the well-developed irregular costae seems to justify the adoption of a distinguishing designation 
for the latter, and the name Exogyra ponderosa var. erraticostata is therefore proposed. 

The original of Exogyra costata was described by Say ^ from the Cretaceous of New Jersey. 
The exact locality from which the type was obtained is not known but is believed by Weller ' to 
have been Mulica Hill, a Navesink marl (Monmouth group) locality. 

The species is characterized by the presence on the laiger valve of regularly arranged, 
prominent, radiating, enth-e or bifurcating cost», which, except on laige, overgrown individ- 
uals, extend from the beak to the margin of the shell. These costae vary in their greatest 
width on different individuals from 3 to 8 millimeters. In general, the costae are widest in 
specimens occurring in the lower beds of the stratigraphic range of the species and grow nar- 
rower in those in successively higher beds to the upper limit of the range, but there are excep- 
tions to the rule. A distinct varietal form of the species, and one which may perhaps be 
deserving of specific rank, is characterized by rather weak, regularly arranged, radiating costae, 
interrupted by regularly distributed concentric depressions or undulations in such a manner as 
to give to the surface of the shell a checkered or cancellated appearance. For this form the 
name Exogyra costata var. canceUaM is proposed. 

GEOLOGIC AND GEOGRAPHIC RANGE. 

EASTEBX OTTIiF REGION AND THE QAKOLINAS. 

In Plate XII the known ranges in the Atlantic and Gulf Coastal Plain of the species and 
varieties of Exogyra described in this paper are shown diagrammatically. 

The known range of Exogyra upatoiensis sp. nov. in the eastern Gulf region is very slight, 
both stratigraphically and geographically, the species apparently being restricted to a stratum 
a few feet thick near the base of the Eutaw formation in eastern Alabama and western Georgia, 
the known linear extent of which does not exceed 8 miles. Specimens have been collected at 
three localities. Outside the eastern Gulf region the species is known from but one locality. 
In a well boring at Charleston, S. C, it was obtained from samples representing the depths 
1,974 to 2,007 feet. 

Exogyra ponderosa Roemer makes its first appearance near the base of the Tombigbee sand 
member of the Eutaw formation in the Chattahoochee region and ranges upward to about the 
middle of the Selma chalk and its corresponding nonchalky marine equivalents to the northward 
and eastward. In northern Mississippi these nonchalky equivalents consist chiefly of glau- 
conitic, more or less calcareous sands, which constitute a part of the Tombigbee sand member 
of the Eutaw formation. In eastern Alabama imd Georgia they consist of marine sands, clays, 
and marls, making up the lower one-third or one-half of the Ripley formation. The species 
has been obtained from 64 authentic localities scattered throughout a belt extending from 
Chattahoochee County, Ga., through Alabama and Mississippi to Henderson County, Tenn., a 
distance of about 375 miles, but by detailed collecting this number could be multiplied many 
times. 



1 Say, Thomas, Am. Jour. Sci., 1st ser., vol. 2, 1820, p. 43. 

* Waller, Stuart, The Cretaceous paleontology of New Jersey: New Jersey Geol. Survey, Paleontology, vol. 4, text, 1907, pp. 455-458. 
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In North Carolina the species is restricted to the marine invertebrate-bearing beds forming 
the upper part of the Black Creek formation. It has been collected from four localities dis- 
tributed along a linear distance of approximately 35 miles. The varietal form of the species, 
Exogyra ponderosa var. erraticostaia var. nov., has approximately the same range and distribu- 
tion as the typical form. This variety has been collected from 24 authentic localities in the 
eastern Gulf region and from two localities in the Black Creek formation of the Carolinas. 
Specimens questionably referred to this variety have been found at two localities in North 
Carolina in beds near the base of the overlying Peedee sand, indicating a slightly higher 
range than the known range of the variety ui the eastern Gulf region. 

Exogyra cosiata Say ranges from just above the upper limit of the range of Exogyra patir 
derosa Roemer, through the upper half of the Selma chalk and its nonchalky equivalents which 
include all of the Ripley formation of northern Mississippi, and the upper one-half or two-thirds of 
the Ripley formation of eastern Alabama and Georgia. Apparent exceptions to this limit of 
range are a few specimens found in the Exogyra ponderosa zone, which api)ear to approach 
rather closely to the typical costate forms, but all of which are smaller and dilBfer slightly in 
form, shape, and arrangement of costae from well-developed typical specimens. These are 
probably the ancastors of the true Exogyra costata of higher horizons. Geographically this 
species occurs in a belt south and west of that occupied by Exogyra ponderosa, extending from 
Macon County, Ga., westward through Alabama and northward through Mississippi to the 
Tennessee State line, a distance of 400 miles. The collections studied include specimens from 
81 localities, but this number could be greatly incretised were the region covered in detail. 

In the Carolinas the species ranges through the Peedee sand. It has been obtauied from 
28 localities, distributed in a telt extending from Peedee River in South Carolijia northeastward 
to the southern part of Pitt County, N. C, a distance of approximately 150 miles. 

Exogyra costaia var. cancdUUa var. nov. makes its first appearance approximately coin- 
cident with the initial appearance of the typical, strongly costate forms, the horizon of both 
being just above the upper limit of the range of Exogyra ponderosa Roemer. In the lower- 
most bods of its stratigraphic range, especially m Mississippi, this variety appears to exceed 
numerically the typical costate forms. In the successively higher beds it appears to decrease 
in numbers and is entirely absent, so far as known, from the upper 50 or 75 feet of Cretaceous 
strata in Mississippi and western Alabama and probably from a greater thickness hi the Chat- 
tahoochee region. 

This varietal form has been collected from 27 localities in the eastern Gulf region. Of 
these localities 26 are distributed through a belt lyuig south and west of that in which Exogyra 
ponderosa Roemer occurs and extending from Johnsons Hill, 4 miles north of Lumpkin, in 
Stewart County, Ga., westward through Alabama and northward through Mississippi to 7 miles 
east of Lexington, Henderson County, Tenn., a distance of approximately 400 miles. The 
twenty-seventh locality is near Cairo, 111., where one specimen was found in an excavation 
for one of the piers of the Illinois Central Railroad bridge over Ohio River. (See p. 18.) 

In North Carolina the variety has been obtained from four localities only, the horizon in 
each place being toward the basal part of the Peedee sand. 

NEW JERSEY. 

Both Exogyra ponderosa Roemer and Exogyra costata Say have been recognized in the 
Upper Cretaceous deposits of New Jersey. Accordbig to Weller* they are here restricted in 
range in the same manner as their southern representatives. Exogyra ponderosa occurs only 
in the Marshalltown clay marl, which is next to the highest of the formations of the Matawan 
group; and Exogyra costaia occurs throughout the Monmouth group, which overlies the Mata- 
wan group. So far as known the two species do not overlap in the Now Jersey section and 
hence they aflford a valuable means of correlation. 

1 Weller, Stuart, Tho Cretaceous paleontology of Xow Jersey: New Jersey Geol. Survey, Palwntology, vol. 4, lext, 1907, pp. 456-460. 
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In North Carolina the species is restricted to the marine invertabrate-bearing beds forming 
the upper part of the Black Creek formation. It has been collected from four localities dis- 
tributed along a linear distance of approximately 35 miles. The varietal form of the species, 
Exogyra ponderosa var. erraticostcUa var. nov., has approximately the same range and distribu- 
tion as the typical form. This variety has been collected from 24 authentic localities in the 
eastern Gulf region and from two localities in the Black Creek formation of the Carolinas. 
Specimens questionably referred to this variety have been found at two localities in North 
Carolina in beds near the base of the overlying Peedee sand, indicating a slightly higher 
range than the known range of the variety m the eastern Gulf region. 

Exogyra costata Say ranges from just above the upper lunit of the range of Exogyra ponr- 
derosa Roemer, through the upper half of the Selma chalk and its nonchalky equivalents which 
include all of the Ripley formation of northern Mississippi, and the upper one-half or two-thirds of 
the Ripley formation of eastern Alabama and Georgia. Apparent exceptions to this limit of 
range are a few specimens found in the Exogyra poiiderosa zone, which appear to approach 
rathei' closely to the typical costato forms, but all of which are smaller and differ slightly m 
form, shape, and arrangement of costse from well-developed typical specimens. These are 
probably the ancastors of the true Exogyra costata of higher horizons. Geographically this 
species occurs in a belt south and west of that occupied by Exogyra ponderosa, extending from 
Macon County, Ga., westward through Alabama and northward through Mississippi to the 
Tennessee State line, a distance of 400 miles. The collections studied include specimens from 
81 localities, but this number could be greatly increased w^ere the region covered in detail. 

In the Carolmas the species ranges through the Peedee sand. It has been obtauied from 
28 localities, distributed in a <)elt extending from Peedee River in South Carolina northeastward 
to the southern part of Pitt County, N. C, a distance of approximately 150 miles. 

Exogyra costata var. canceUaia var. nov. makes its first appearance approximat-ely coin- 
cident with the initial appearance of the typical, strongly costate forms, the horizon of both 
being just above the upper limit of the range of Exogyra pond^osa Roemer. In the lower- 
most beds of its stratigraphic range, especially in Mississippi, this variety appears to exceed 
numerically the typical costate forms. In the successively higher beds it appears to decrease 
in numbers and is entirely absent, so far as known, from the upper 50 or 75 feet of Cretaceous 
strata in Mississippi and western Alabama and probably from a greater thickness in the Chat- 
tahoochee region. 

This varietal form has been collected from 27 localities in the eastern Gulf region. Of 
these localities 26 are distributed through a belt lying south and west of that in which Exogyra 
ponderosa Roemer occurs and extending from Johnsons Hill, 4 miles north of Lumpkin, in 
Stewart County, Ga., westward through Alabama and northward through Mississippi to 7 miles 
east of Lexington, Henderson County, Tenn., a distance of approximately 400 miles. The 
twenty-seventh locality is near Cairo, 111., where one specimen was found m an excavation 
for one of the piers of the Illinois Central Railroad bridge over Ohio River. (See p. 18.) 

In North Carolina the variety has been obtaijied from four localities only, the horizon in 
each place being toward the basal part of the Peodeo sand. 

NEW JERSEY. 

Both Exogyra ponderosa Roemer and Exogyra costata Say have been recognized in the 
Upper Cretaceous deposits of New Jersey. Accorduig to Weller* they are here restricted in 
range in the same manner as their southern reprasentatives. Exogyra ponderosa occurs only 
in the Marshalltown clay marl, which is next to the highest of the formations of the Matawan 
group; and Exogyra costaia occurs throughout the Monmouth group, which overlies the Mata- 
wan group. So far as known the two species do not overlaj) in the Now Jersey section and 
hence they afford a valuable means of correlation. 

1 Weller, Stuart, Tho Cretacuous paloontolt^y of Now Jersey: New Jersey Geol. Survey, Palwntolofiy, vol. 4, text, 1907, pp. 456-460. 
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WESTEBN OXJLF BEGION. 

In the western Gulf region the genus ranges from the Fredericksburg group of the Lower 
Cretaceous to the top of the Upper Cretaceous. The species common to the eastern Gulf region, 
however, do not occur lower than the Austin chalk. All the species and varieties occurring 
in the Upper Cretaceous deposits of the eastern Gulf region, except Exogyra upatoiensis sp. 
nov., are known in the Upper Cretaceous deposits of the western Gulf region. The information 
available in the literature, that afforded by the collections in the National Museum, and that 
obtained by the writer in his field studies, give good grounds for the belief that the range 
restrictionB in the two regions are analogous. 

In Arkansas and northeastern Texas Exogyra ponderosa Roemer and Exogyra ponderosa 
var. erraiicostaia, the former in abundance, occur in the Brownstown marl. Exogyra costata 
Say occurs in the overlying Marlbrook marl, Nacatoch sand, and Arkadelphia clay. (See 
PI. XII.) Exogyra costaia var. canceUata var. nov. occurs abundantly in the Marlbrook marl. 

In Texas the species Exogyra ponderosa Roemer is abundant in places in the upper part 
of the Austin chalk and in the basal beds of the overlying Taylor marl. A few specimens of 
Exogyra ponderosa var. erra^costaia have been found in the basal part of the Taylor marl. 
Specimens in the National Museum referable to the last-named variety were .collected in 1895 
by Vaughan and Stanton, from beds that are r^arded as synchronous with the Taylor marl, 
near San Carlos, Presidio County, Tex.* These specimens (U. S. Greol. Survey coll. 1467 and 
field No. 297) were identified by Stanton as a variety intermediate between Exogyra costata 
Say and Exogyra ponderosa Roemer. Exogyra costata Say is a characteristic species of the 
Navarro and its equivalent, the "Webberville*' formation, of Texas. Exogyra costaia var. 
cancdUUa var. nov. occurs in beds probably representing the lower part of the Navarro forma- 
tion near Cooper, Delta County, Tex., and in cuts of the Houston & Texas Central Railroad 
4 and 4^ miles, respectively, east of CrandaU, Kaufman County, Tex. The genus has not been 
reported from the middle and upper parts of the underlying Taylor marl, and for this reason 
the upper limit of the range of Exogyra ponderosa Roemer and the lower limit of the range of 
Exogyra costata Say are not known. 

MEXICO. 

One specimen of Exogyra ponderosa Roemer from Mexico is in the National Museum col- 
lections. It was obtained by White and Stanton from a locality across the Rio Grande from 
Presidio, Tex. (U. S. Geol. Survey coll. 622). The beds were correlated by Stanton with the 
Taylor marl. (See p. 48.) 

Exogyra costata Say has been described from so-called lower Senonian beds exposed in 
the vicinity of Cardenas, State of San Luis Potosi, Mexico, by Dr. Emilio B5se, whose figured 
specimens agree closely in the surface sculpture of the lower valve with the coarsely costate 
variety occurring near the base of the Exogyra costaia zone in the eastern Gulf region. (See 
PL Xyil; fig. 2.) They differ from the latter, however, in the sculpture of their upper valves, 
the concentric growth projections being coarser, more widely separated, and fewer in number 
in the Mexican specimens. Three specimens (U. S. Geol. Survey coU. 4129), which prove to 
be the variety Exogyra costaia var. canceHaia var. nov., were brought from Mexico by Stanton 
in 1906. They were given to him at San Luis Potosi and were said to have been collected 
near (^udad del Maiz, State of San Luis Potosi. 

UTAH. 

In Utah, ''east of Impracticable Ridge,'' specimens of Exogyra have been obtained 
from beds now known to belong to the Colorado group, and have been referred by White * to 
Exogyra ponderosa (U. S. Nat. Mus. No. 13417). Although not typical, the specimens are 
nearer to this species than to any other described form, and until better collections have been 
made and the variations noted they may be considered correctly identified. 

1 VaoghAD, T. W., Reconnaissance in the Rio Grande coal fields of Texas: Bull. U. S. Geol. Survey No. 104, 1900, pp. 77-^. 
> White, C. A., R^t. U. S. Geog. Surveys W. 100th Mer., vol. 4, pt. 1, 1877, p. 172, PI. XIV, figs. 1 ar-c. 
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SYSTEMATIC DESCRIPTIONS. 

Genua EXOGYRA Say. 

EXOGYRA UPATOIENSIS Sp. nOV. 
Plate XIII, figures 1, 2, 3, 4. 

Description. — Shell small and thin as compared with other members of the genus in the 
region; subcircnlar to subovate in outline; dimensions of a medium-sized individual, length 
33 millimeters, height 35 millimeters, convexity 18 millimeters (PI. XIII, fig. 1); dimensions 
of a large individual, length 52 millimeters, height 55 miUimeters, convexity 43 millimeters 
(PI. XIII, fig. 4). Left or lower valve much larger than right valve, strongly convex; 
attached in proximity of beak to an external object, the scar of attachment generally 
large and causing much distortion of the shell; the object of attachment is frequently 
the shell of another moUusk, the sculpture of which is distinctly impressed on some speci- 
mens of Exogyra (PI. XIII, fig. 1); apical portion spirally coiled within the marginal out- 
line of the shell, the coils including 1 to 2 volutions; hinge with ligamental groove broad, 
deeply impressed, paralleled above by a narrow, shallow groove, both grooves curved to con- 
form to the spiral twist to the shell ; posterior to the larger groove a broad shallow, striated 
depression; adductor scar distinct; surface ornamented with numerous fine, narrow, fre- 
quently bifurcating cost®, characterized by their irregularity as regards shape, size, and 
prominence (PI. XIII, figs. 1 and 4) ; an umbonal ridge more or less clearly defined extends 
from the beak in a curve conforming to the spiral twist of the shell to the lower posterior 
margin — but this ridge in some specimens is interrupted in j^roximity to the beak by the scar 
of attachment; along the umbonal ridge the costse bifurcate more numerously than elsewhere 
(PL XIII, fig. 1); toward the margin of the larger individuals the costae become more irregular 
and weaker, in some specimens disappearing entirely; concentric growth lines are present in 
smaller individuals, and toward the margin of larger individuals these develop into prominent 
imbricating lamellae (PI. XIII, fiig. 4). Upper or right valve, flat or slightly concave, opercu- 
liform, subcircular, or subovate in outline, with nearly flat, spiral twist, the beak being well 
wi thin the margin ; beak depressed , not prominent ; this valve inclosed within and slightly depressed 
below the projectiag margin of the lower valve; hinge with broad deeply impressed ligamental 
groove, curved to conform to the spiral twist of the shell, the upper margin of the groove 
finely crenulated; ])osterior to the groove a striated protuberance occupies a position in appo- 
sition to the similarly striated depression on the left valve ; surface marked by fine concentric 
growth linens which toward the margin are produced into thin projecting lamella?, se])arated by 
deep, narrow dei)ressions. 

Geologic occurrence. — Known only from beds near the base of the Eutaw formation in the 
Chattahoochee region (Alabama and Georgia), and from a deep well at Charleston, S. C. 

Localities. — Th(^ species has been obtamed from four localities as follows: 

U. S. Geol. Surv(?y colls. 5373, 5377.— Bluff on Upatoi Creek below bridge of Columbus-Cusseta road, 7 miles 
southeast of ColumbuH, in ( 'liattahoochee County, Ga. Near base of Eutaw formation. 

U. S. (ieol. Survey colls. 847, 5384, G408. — Broken Arrow Bend, Chattahoochee River, lOi miles below Columbus, 
Ga. Near ba^e of Kutaw formation. 

U. S. (j(iol. Survey coll. 5385. Chattahoochee River, one-half mile below Broken Arrow Bend. Near base of 
Eutaw formation. 

U. S. (ieol. Survey coll. 777K.- I)<m»]) well of the Charleston Consolidated Railway & Lighting Co., Charleston,. 
S. C, from a sample rcprencntinj^ the depths 1,974 to 2,007 feet. 

Exogyra ponderosa Roemer. 

Plate Xlll, fij^ures 5, G, 7; Plate XIV; Plate XV, figures 1, 2, 3. 

1849. Exogyra porulcrom Roem<*r, Texas, j). 395. 

1852. Exogyra pondcrom R<M'mer, Kr<*idebildungen von Texas, pp. 71-72, Taf. 9, figs. 2 a-b. 

1853. Exogyra ponderosa Shumard, Marcy's Exi)l()ration of the Red River, La., pp. 204-205. 

1857. Exogyra coatata (var.) C<mnid, U. 8. and Mex. Boundary Survey, vol. 1, pt. 2, p. 154, PI. VIII, fig. 3, PL IX,. 
fig. 1. 
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1869, Ostrea torosa Coquand (in part), Monographie du genre Ostrea, terrain cr6tac6, Paris, p. 38, PI. IX, figs. 

1, 2y and 3. 

1870. Exogyra ponderosa Credner, Zeitschr. Deutsch. geol. GeselL, vol. 22, p. 229. 

1875. Exogyra ponderosa White, Kept. Ge<^. Surveys W. 100th Mer., vol. 4, pt. 1, p. 172, PI. XIV, figs. 1 a-c. 

1884. Exogyra ponderoaa WTiite, Fourth Ann. Rept. U. S. Geol. Survey, p. 306, PL L, figs. 1-2. 

1885. Exogyra costata WTiitfield (in part), Mon. U. S. Geol. Survey, vol. 9, pp. 39-41, PI. VI, figs. 1-2. Also Paleon- 

tology of New Jersey, vol. 1, 1886, pp. 39-41, PI. VI, figs. 1-2. 
1893. Exogyra ponderoaa Stanton, Bull. U. S. Geol. Survey No. 106, pp. 65-66, PI. VII, figs. 1 and 2. 

1901. Exogyra ponderoaa Hill, Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 7, PI. XLV, fig. 1. 

1902. Exogyra ponderoaa Hill and Vaughan, Austin folio (No. 76), Geol. Atlas U. S., U. S. Geol. Survey, illustration 

sheet, fig. 46. 

1906. Exogyra ponderoaa Veatch, Prof. Paper U. S. Geol. Survey No. 46, PI. IX. 

1907. Exogyra ponderoaa Weller, New Jersey Geol. Survey, Paleontology, vol. 4, text, pp. 458-460, PI. XL VI I, 

fig. 2. 

Description, — Shell of adult very thick and ponderous, in outline subcircular to extended 
subovate; dimensions of an adult individual, length 111 millimeters, height 177 millimeters, 
convexity 94 millimeters (PL XIV); dimensions of a medium-sized specimen, length 97 
miUimeters, height 112 millimeters, convexity 60 millimeters (PI. XV, fig. 1). Left or 
lower valve much larger than right valve, strongly convex; attached in proximity to beak 
to external object, this part of the shell often very much deformed by scar of attachment; 
apical portion of shell spirally coiled within the marginal outline of the shell; hinge with 
ligamental groove broad, deeply impressed, paralleled on the upper side by a rather faintly 
developed, narrow shallow groove, both grooves curved to conform to spiral twist of shell; 
posterior to the larger groove a broad, shallow, pitted or striated depression; surface of 
shell marked by thin, rather prominent, concentric, imbricating growth lameUae, with inter- 
mediate fine growth luies; costse either entirely absent or small, regularly arranged costae 
present in proximity to beak and extending back from beak one-half to three-fourths inch 
(PI. XIII, figs. 5-7), or, in addition to the preceding, very faint irregular costae extending back 
to varying distances away from beak; a more or less clearly defined umbonal ridge extends 
from the beak backward, ia a curve conforming to the spiral twist of shell, to the lower posterior 
margin, usually, however, becoming rounder and less clearly recognizable toward the margin 
(PL XV, fig. 1). Upper or right valve flat or slightly concave, operculiform, subcircular 
or subovate in outline, with a nearly flat, spiral twist, the beak being well within the 
margin; beak depressed, not prominent; this valve inclosed within and slightly depressed 
below the projecting margin of the lower valve; hinge with broad, deeply impressed ligamental 
groove curved to conform to the sph'al twist of shell, the upper margin of the groove finely 
crenulated (PL XV, fig. 3) ; posterior to the groove a striated protuberance occupies a position 
in apposition to the similarly striated depression on the left valve; in proximity to the beak 
the surface is marked by numerous fine, concentric growth lines, which away from the beak 
toward the margias are produced into thin projecting lamellae, separated by deep, narrow 
depressions. 

Geologic occurrence. — In the Chattalioochee region (Alabama-Georgia) the species makes 
its first appearance near the base of the Tombigbee sand member of the Eutaw formation. 
It is common in the upper one-fourth to one-half of the Tombigbee sand in western Georgia, 
Alabama, and as far north in Mississippi as Monroe or Itawamba County, and in that part of 
the Tombigbee sand which in northern Mississippi represents the time equivalent of the basal 
part of the Selma chalk. From the Tombigbee sand it ranges upward to about the middle of 
the Selma chalk where the latter is most fully developed in western Alabama and east-central 
Mississippi; and is present in the corresponding nonchalky marine equivalents of the lower 
half of the Selma chalk in eastern Alabama and in Georgia, these equivalents constituting the 
lower one-third or one-half of theKipley formation of this region. The upper limit of the range 
of the species ia represented in Plates IX and X by red line 2. 

In North CaroHna the species occurs in the upper marine invertebrate-bearing beds of the 
Black Creek formation. 
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In New Jersey the species occurs in the Marshalltown clay marl of the Matawan gi*oup. 

In Arkansas and northeastern Texas the species occurs abundantly in the Brownstown 
marl. 

In Texas the species is abimdant in places in the upper part of the Austin chalk and in 
the lower part of the overlying Taylor marl; it is also fairly abundant in places in the Anacacho 
formation, which is the time equivalent in southwestern Texas of part or all of the Taylor marl. 

Specimens considered referable to this species have been obtained from two localities out- 
side of .the Atlantic and Gulf Coastal Plain. One of the localities is represented by a specimen 
in the National Museum labeled as follows: '*U. S. G. S. loc. No. 622, across the Rio Grande 
from Presidio, Tex., near top of shales. Collected by C. A. White and T. W. Stanton." Stanton' 
compares the horizon where tliis was foimd with that of the invertebrate-bearing beds near San 
Carlos, Presidio County, Tex., which he regards as synclironous with a part of the Taylor marl. 

The second locaUty is represented by several specimens, referred to this species by 
White,^ wliich were obtained **east of Impracticable Ridge, Utah/' from beds now known to 
belong to the Colorado group. The figured specimen is in the National Museum (U. S. Nat. Mus. 
Cat. No. 13417) and has been examined by the writer. It is not a typical representative of 
the species, but is nearer to it than to any other described species. Until more specimens have 
been obtained from this locahty and their variations noted, it is, j)erliaps, best to regard it as 
referable to this species. 

Localities, — In the eastern Gulf region the species has been collected from 64 locaUties dis- 
tributed along a belt 10 to 20 miles in width, extending from Chattahoochee County, Ga., through 
Alabama and Mississippi to McNairy County, Tenn. The trend of this belt may be seen by 
referring to the map (PI. IX) ; the area embraced by the belt is included between the dotted 
line indicated by the red letter P and the red line 2. Detailed descriptions of all the localities 
accompany the tables (pp. 24-25). Some of the more typical localities are the following: 

U. S. Geol. Survey coll. 5379. — Seaboard Air Line Railway, 2J miles northwest of Cusseta, Chattahoochee County, 
Ga. Tombigbee sand member of Eutaw formation. 

U. S. Geol. Survey a)ll. 5388. — Big Bend, Chattahoochee River, 24J miles below Columbus, on the Alabama side 
of the river. Tombigbee sand member of Eutaw formation. 

U. S. Geol. Survey coll. 6406. — Banks Landing, Chattahoochee River, 26J miles ])elow Columbus, in Chattahoo- 
cliee County, Gra. Tombigbee sand member of Eutaw formation. 

U. S. Geol. Survey colls. 844, 5392, 6405. — Blufftown, Chattahoochee River, 31} miles below Colimibus, in Chatta- 
hoochee County, Ga. Tombigbee sand member of Eutaw formation. 

U. S. Geol. Survey coll. 6827.— Cut of Central of Georgia Railway 5 miles southwest of Seale, Russell County, Ala. 
Tombigbee sand member of Eutaw formation. 

U. S. Geol. Survey coll. 6820. — Conecuh Falls, Union Springs, Bullock County, Ala. Ripley formation near top of 
Exogyra ponderosa zone. 

U. S. Geol. Survey colls. 273, 6425a. — Choctaw Bluff, Warrior River, 4 miles south of Eutaw, Greene County, Ala. 
Top of Tombigbee sand member of Eutaw formation. 

U. S. Geol. Survey coll. 6432. — ^Warrior River, Hatchs Bluff, 7\ miles above Demoix)lis (by the river), in Hale 
County, Ala. Selma chalk (near top of Exogyra poiiderosa zone). 

U. S. Geol. Survey coUs. 282, 6451a-<j, 6414, 6918.— Plymouth Bluff, Tombigbee River, 4 to 5 miles northwest of 
Columbus, Lowndes County, Miss. Tombigbee sand member of Eutaw formation. 

U. S. Geol. Survey coll. 6880. — Allen Gavin place, 12 miles east of Brookville, Noxubee County, Miss. Selma 
chalk (near base). 

U. S. Geol. Survey cm)11. 6925. — Bluff on Tombigbee River at Aberdeen. Monroe County, Miss. Tombigbee sand 
member of Eutaw fonnation. 

U. S. Geol. Survey aAls. 0886-6888. — One mile west of C'Otton Gin Port, Monroe County, Miss. Top of Tombigbee 
sand member of Eutaw formation and base of Selma chalk. 

U. S. Geol. Survey coll. 6892.— Gullies on Erskine Miller's place near Black Oak Grove church, 7 miles northeast 
of Okolona in Monroe County, Miss. Selma chalk, Exogyra pondcrosa zone. 

U. S. Geol. Survey colls. 64586, 6911. — Hare's old mill site on Big Bn)wn Creek. 9 miles oast of Booneville, Prentiae 
County, Miss. Tombigbee sand member of Eutaw formation. (Probably corresponds approximately to Mortoniceras 
subzone.) 



1 Bull. r. S. Geol. Survey No. 164, 1900, p. 82. 

« White, C. A., Rept. U. 8. GeoR. Surveys W. 100th Mer., vol. 4, pt. 1, 1877, p. 172, PI. XIV, figs. 1 o-c. 



EXOOYBA PONDEROSA ERKATICOSTATA. 49 

U. S. Geol. Survey coll. 6455a. — Cut of Mobile & Ohio Kailroad south of station at Booneville, Prentiss County, 
Mies. Base of Selma chalk of northern Mississippi. (Within 50 to 100 feet of top of Exogyra ponderosa zone.) 

U. S. Geol. Survey coll. 6457. — Bald spot near Geeville road, 1 J miles southwest of Booneville, Prentiss County, 
Miss. Selma chalk, near top of Exogyra ponderosa zone. 

U. S. Geol. Survey coll. 6928. — Roadside exposure, one-quarter mile west of Adamsville, McNairy County, Tenn. 
Impure phase of Selma chalk. (Near top of Exogyra ponderosa zone. ) 

In North Carolina the species has been collected from 4 localities as follows : 

U. S. Geol. Survey colls. 4144, 5347. — Blue Banks Landing, Tar River, 7 miles above Greenville, Pitt County. 
Black Creek formation. 

U. S. Geol. Survey colls. 785, 5348. — Snow Hill, Greene County. Black Creek formation. 

U. S. Geol. Survey coll. 4142. — Contentnea Creek, 6 miles below Snow Hill, Greene County. Black Creek 
formation. 

U. S. Geol. Survey coll. 5353. — Auger Hole Landing, Lenoir County. Black Creek formation. 

Exogyra ponderosa var. erraticostata var. nov. 

Plate XV, figure 4; Plate XVI, figures 1, 2. 

Description. — ^In all its characters except the surface ornamentation of the left or lower 
valve this variety is essentially like the typical Exogyra ponderosa Roemer. 

The surface of the left valve is characterized by the presence of fairly well defined, sharp 
to rounded, ridged, radiating costse or plications which diflfer from the costae on Exogyra costaia 
Say in their generally weaker development and in their striking irregularity as regards size, 
shape, and distribution (PI. XV, fig, 4). In proximity to the beak the shell is usually orna- 
mented with small, regularly arranged costae (such as are present on some specimens of Exogyra 
ponderosa Roemer, PI. XIII, fig. 5), extending backward over the shell one-half to three-fourths 
of an inch (PI. XVI, fig. 1) and merging into the irregular cost« just described, which charac- 
terize the variety. The irregular costae extend backward 3 to 5 inches from the beak, becoming 
weaker in the direction of the margm; in the larger individuals there is usually a considerable 
part of the surface bordering the margin on which the costae are either very faint or are entirely 
absent (PI. XVI, fig. 1). 

Remarks. — That this form is closely related to Exogyra ponderosa Roemer is proved by the 
fact that practically all gradations are found between specimens typical of the species, and the 
extremes of the variety. The specimen Illustrated in Plate JXVI, figure 1, represents one of the 
intermediate gradations; in this specimen the irregular costae are rather strongly developed in 
front of the umbonal ridge on a part of the shell not showing in the illustration, for which reason 
it is referred to this variety. 

Geologic occurrence. — In the eastern Gulf region Exogyra ponderosa var. erraticostata appears 
to be coextensive in its occurrence both stratigraphically and geographically with Exogyra pon- 
derosa Roemer. It is present in the Tombigbee sand member of the Eutaw formation and 
ranges upward to about the middle of the Selma chalk, where the latter is most fully developed 
in western Alabama and east-central Mississippi, and is present in the corresponding nonche^ky 
equivalents of this part of the Selma chalk in eastern Alabama and Georgia — that is, in approxi- 
mately the Jower one-third or one-half of the Ripley formation. The lower Jimit of its range is 
shown in Plates IX and X by the dotted line indicated by the red letter P and the upper limit 
by the red line 2. In the Carolinas the variety occurs in the marine invertebrate-bearing beds 
forming the upper •part of the Black Creek formation, and it is present questionably in the 
extreme basal beds of the ovei;lying Peedee sand. 

From WeUer's description * of Exogyra ponderosa Roepner the variety is doubtless present 
in the Marshalltown clay marl of the Matawan group in association •with tjie typical forms of 
the species. 

In Arkansas and northeastern Texas the variety occurs in the Brownstown marl. Farther 
south in Texas it occurs in the basal part of t^e Taylor marl and it has been recognized in 

I >^eller, Stuart, The Cretaceous paleontology of New Jersey: New Jersey Geol. Survey, Paleontology, vol. 4, 1907, text, pp. 460-462. 
105^— No. 81—14 4 
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collections from beds near San Carlos, Presidio County, regarded as synchronous with a part of 
the Taylor marl. (U. S. Geol. Survey coll. 1467 and Stanton's field No. 297.) The last-named 
collection was made by Vaughan and Stanton. (See p. 45.) 

Localities, — ^This variety has been obtained in the eastern Gulf region from 24 localities, 
detailed descriptions of which accompany the tables, pages 24-25 of this report. Some of the 
more typical localities are the following: 

U. S. Geol. Survey colls. 5395, 6404. — Bluff on Chattahoochee River at Florence, Stewart County, Ga. Ripley 
formation, Ezogyra panderosa zone. 

U. S. Geol. Survey colls. 5390, 6406. — Banks Landing, Chattahoochee River, 26J miles below Columbus, in Stewart 
County, Ga. Tombigbee sand member of the Eutaw formation. 

U. S. Geol. Survey coll. 6441 . — Public road, 1 J miles east of Old Hamburg, Perry County, Ala. Top of Tombigbee 
sand member of Eutaw formation. 

U. S. Geol. Survey colls. 64286, 6932.— Erie Bluff, Warrior River, Greene County, Ala. Top of Tombigbee sand 
member of Eutaw formation. 

U. S. Geol. Survey coll. 6920. — Gullies near Plymouth Bluff, Tombigbee Jliver, 4 or 5 miles northwest of Colum- 
bus, Miss. Base of Selma chalk. 

U. S. Geol. Survey colls. 6886, 6888. — One mile west of Cotton Gin Port, Monroe County, Miss. Base of Selma 
chalk. 

m 

U.S. Geol. Survey coll. 6892. — Gullies on Erskine Miller's place, near Black Oak Grove church, 7 miles northeast 
of Okolona, Monroe County, Miss. Selma chalk, Exogyra ponderosa zone. 

U. S. Geol. Survey coll. 6455. — Cut of Mobile & Ohio Railroad south of Booneville, Prentiss County, Miss. Base 
of Selma chalk of northern Mississippi (within 50 to 100 feet of top of Exogyra ponderosa zone). 

U. S. Geol. Survey coll. 6928. — Exposures in Selmer-Adainsville road, one-quarter mile west of Adamsville, 
McNairy County, Tenn. Impure phase of Selma chalk, near to top of Exogyra ponderosa zone. 

The variety has been collected from the following localities in the Carolinas : 

U.S. Geol. Survey coll. 5366. — Iron Mine Landing, Blac^k River, 51 miles above Wilmington, N. C. Near top of 
Black Creek formation. 

U.S. Geol . Survey coll . 5372. — Hodge's old mill, 3 J miles southeast of Mullins, Marion County, S. C. Top of Black 
Creek formation. 

In addition to these localities specimens which should perhaps be referred to this variety 
have been found on Cape Fear River at Donohue Creek Landing, 50J miles above Wilmington, 
and at Kelly's Cove Landing, 46 miles above Wilmington, Bladen Coimty, N. C, the beds from 
which they were taken being in each case stratigraphically near the base of the Peedee sand. 
This is a slightly higher range than the known range of the variety in the eastern Gulf r^on. 

Exogyra costata Say. 

Plate XVI, figures 3, 4; Plate XVII, figures 1, 2; Plate XVIII; Plate XIX, figures 1, 2, 3, 4; Plate XX, figure 1. 

1820. Exogyra costata Say, Am. Jour. Sci., 1st ser., vol. 2, p. 43. 

1828. Exogyra costata Morton, Jour. Acad. Nat. Sci. Philadelphia, Ist ser., vol. 6, p. 85, PI. VI, figs. 1-4. 

1830. Exogyra costata Morton, Am. Jour. Sci., Ist ser., vol. 17, p. 284. 

1834. Exogyra costata Morton, Synopsis of the organic remains of the Cretaceous group of the United States, pp. 55- 

56, PL VI, figs. 1-4. 
1840. Exogyra costata Troost, Fifth Geol. Rept. Tennessee, p. 46. 
1849. Exogyra costata Roemer [?], Texas, Bonn, 1849, p. 396. 
1852. Exogyra costata Roemer [?], Kreidebildungen von Texas, Bonn, p. 72. 

1857. Exogyra costata Conrad, Rept. U. S. and Mex. Boundary Survey, vol. 1, pt. 2, pp. 154-155, PI. IX, fig. 2a-b, 

PI. X, fig. 1. 

1858. Exogyra irUerrupta Conrad, Jour. Acad. Nat. Sci. Philadelphia, 2d ser., vol. 3, p. 330, PI. XXXIV, fig. 15. 
1858. Exogyra costata Emmons, Rept. North Carolina Geol. Survey, p. 278, fig. A. 

1860. Exogyra costata Owen, Second Rept. Geol. Recon. Arkansas, PI. VII, fig. 4. 

1861. Exogyra costata Gabb, Synopsis of the Mollusca of the Cretaceous formation, p. 122. 

1864. Exogyra costata Meek, Check list of the invertebrate fossils of North America, Cretaceous and Jurassic, Smith 
sonian Misc. Coll., vol. 7 (No. 177), p. 6. 

1868. Exogyra costata Conrad, Cook's Geol. New Jersey, p. 374, fig. 1, p. 724. 

1869. Ostrea torosa Coquand (in part), Monographie du genre Ostrea, terrain cr6tac6, Paris, p. 38, PI. XIV, figs. 1-4, 

PI. XV, figs. 1, 2. 
1876. Exogyra costata Gabb, Proc. Acad. Nat. Sci. Philadelphia, 1876, p. 323. 
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1884. Exogyra costata White, Fourth Ann. Rept. U. S. Geol. Survey, p. 304, PK Uv'fi^. 1-2, PL LVII, figs. 1-2. 

1885. Exogyra costata Whitfield (in part), Mon. U. S. Geol. Survey, vol. 9, 1886,* t^. '3^-41, PL VI, figs. 1, 2. Also 

Paleontology of New Jersey, vol. 1, 1886, pp. 39-41, PL VI, figs. 1, 2. ** ;' J 

1896. Exogyra costata Say, Bull. Am. Paleontology, vol. 1, p. 291 (No. 5, p. 21) (a reprint). * " . 

1901. Exogyra costata Hill, Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 7, PL XLVII, figs, i; l^tr 

1902. Exogyra costata Hill and Vaughan, Austin folio (No. 76) G«ol. Atlas U. S., U. S. Geol. Survey', illustration sheet,. 

fig. 52. • . r. 

1906. Exogyra costata Bose, BoL Mexico Inst. Geol., No. 24, pp. 51-54, PL VI, fig. 3, PL VII, fig. 1, PL. Vlil, fig*. .2-3,, 
PL IX, fig. 3. "-:.'.: \ 

1906. Exogyra costata Veatch, Prof. Paper U. S. Geol. Survey No. 46, PL XI, fig. 2a-b. * - '- 

1907. Exogyra costata Weller, New Jersey Geol. Survey, Paleontology, vol. 4, text, pp. 456-458, PL XLVII, fig. 1, 

Description. — Shell of adult specimens thick and massive, becoming ponderous in some 
overgrown specimens; subcircular to subovate in outline; dimensions of an average-sized 
specimen, length 105 millimeters, height 115 millimeters, convexity 65 millimeters; the dimen- 
sions of the largest specimen in the collections, length 162 millimeters, height 200 millimeters; 
convexity 100 millimeters (PI. XVIII); valves unequal. Left or lower valve much larger 
than right valve, convex, and attached m proximity to beak to an external object; the beak 
usually more or less deformed by the scar of attachment; apical portion of shell spirally 
coiled within the margin; hinge and other internal shell characters essentially the same as in 
Exogyra ponderosa Roemer; outer surface of shell characterized by regularly arranged, promi- 
nent, often rugged, radiating, entire or bifurcating costse, which in typical normal specimens 
extend in curves conforming to the spiral twist of the shell from the beak to the margin; the 
costse are separated by depressions which are usually narrower than the costsB themselves; in 
occasional, nontypical specimens the costse are weakly developed and in large overgrown indi- 
viduals the costfiB become faint or disappear entirely in the direction of the margin (PL XVIII) ; 
in cross section the costse vary in shape from semicircular to squarish; the costae vary in 
maximum width on different adult individuals from 3 to 8 millimeters; many specimens are 
further ornamented by concentric, imbricating growth lamellae, which vary greatly in promi- 
nence from mere growth lines to broad, thiu, projections, in some specimens extending outward 
from the summits of the costee in spinelike folds (PI. XIX, fig. 1 ) ; in some specimens the sum- 
mits of the costfle are ornamented with slight nodular protuberances (PI. XIX, figs. 3 and 4); 
in most specimens there is a more or less distinctly marked umbonal ridge extending from the 
beak around to the posterior margin in a curve corresponding to the spiral twist of the shell; 
along the umbonal ridge the costse bifurcate frequently, those in front and below the ridge 
extending with a slight backward curve to the lower margin, and those above and to the rear 
of the ridge extending with a strong, upward curve to the upper posterior margin. Upper or 
right valve flatly spiral, roughly disk-shaped or operculiform, the outer surface varying from 
slightly convex to slightly concave, the valve inclosed wdtliin and slightly depressed below the 
projecting margin of the lower valve; hinge and other internal shell characters essentially the 
same as in Exogyra ponderosa Roemer; beak depressed, not prominent; surface of shell orna- 
mented with numerous concentric sharp-edged lamella?, separated by Harrow, deep depressions; 
radiating costse absent or but faintly developed on most specimens but on some specimens are 
fairly prominent on upper posterior one-third of the shell surface (PI. XX, fig. 1). 

Remarlcs. — The exact locality from which the type specimen of this species was taken is 
not known, but it is believed by Weller to have come from Mullica Hill, N. J., a Navesink marl 
(Monmouth group) locality. In general this species occurs in beds stratigraphically higher 
than those in which the species Exogyra ponderosa occurs, but there are apparent exceptions. 
(See p. 44.) 

The specimens taken from the base of the zone of Exogyra costata have in general a coarser 
surface ornamentation than those from higher horizons. (See p. 43.) 

Geologic occurrence. — In the eastern Gulf region the species is generally distributed through 
the zone of Exogyra costaia, which includes the Ripley formation (typical marine beds) of north- 
em Mississippi, approximately the upper one-half of the Selma chalk, where this formation is 
most fully developed, and the upper one-half or two-thirds of the Ripley formation (typical 
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marine bods) of eastern A\ftbaUia and Georgia. The lower limits of the range of typical speci- 
mens in the eastern .Qiitf\r*egion is shown in Plates IX and X by the red line 2. 

In the Carqli/i^s 'fti(5 species occurs throughout the Peedee sand. 

In New. j6Me'y»'the species is present in the Navesink marl and the Redbank sand, both 
formations of .the Monmouth group. 

.Jl< Axkansas the species ranges through the Marlbrook marl, the Nacatoch sand, and the 
ArkfvJelphia clay. 

'•. ' *In Texas the species is a common fossil in the Navarro formation and its equivalent the 
^' Webbcrville'' formation. 

In Mexico the species occurs in the Cardenas division of the so-called lower Senonian. 

Locxilities. — In the eastern Gulf region the species has been coUected from 81 localities 
<listributed along a belt 10 to 20 miles wide, extending from Macon County, Ga., through 
Alabama and Mississippi, to the Tennessee State line. The trend of this belt may be seen by 
referring to the map, Plate IX; the area embraced by the belt is included between the red 
line 2 and the line marking the southern and w^estem boundary of the Cretaceous area. De- 
tailed descriptions of all the localities accompan}^ the tables, pages 24-25. The following typical 
localities ma}'' be mentioned in detail: 

U. S. Geol. Survey colls. 186, 389, 854, 6400. — C'hattahoochee River at Eufaula, Ala. Ripley formation, Exogyra 
costata zone. 

U. S. Geol. Survey coll. 6398.- Chattahoochee River, opposite the mouth of Burstahatchee Creek, 5J miles (by 
the river) above Eufaula, Ala. Ripley formation, near base of Exogyra costata zone. 

U. S. Geol. Survey colls. 5375, 6418a-r, e-h, /.—Johnsons Hill, 4 miles north of Lumpkin, Stewart County, Ga. 
Ripley formation, Exogyra costata zone. 

U. S. Geol. Survey colls. 6413, 6414. — Cuts of Seaboard Air Line Railway north of Renfpoes, Stewart County, Ga. 
Ripley formation, Exogyra costata zone. 

U. S. Geol. Survey colls. 6439, 6789.— Alabama River, Old Canton landing, Wilcox County, Ala. Tongue of 
Selma chalk at top of Cretaceous. 

U. S. Geol. Survey colls. 292, 6438. — Tombigbee River, Moscow Landing, about 14 miles below Demopolis, Sum- 
ter (^ounty, Ala. Top of Selma chalk. 

U. S. (u*ol. Survey coll. 6804. — Livingston-Epes road, 4^ miles northeast of Livingston, Sumter County, Ala. 
Selma chalk, Exogyra costata zone. 

U. S. Geol. Survey cc)ll. 64806, d, e,f. ^Six miles north of Scooba on Wahalak-Binnsville road, westward-facing 
slope of Wahalak Creek valley, KemjxT County, Miss. Near top of Selma chalk. 

U. S. Geol. Survey coll. 6479a-c.- Macon-Shuqualak n>ad, 5 miles south of Macon, northward-facing slope of 
Running Water Creek, Noxubee County, Miss. Near top of Selma chalk. 

U. S. Geol. Survey coll. 6476.— Louisville road, 2 miles a little south of west of Macon, Noxubee County, Miss. 
Selma chalk, Exogyra costata zone. 

U.S. Geol. Survey colls. 3186, 6843, 6844.- Gullies on grounds of Agricultural and Mechanical College at Stark- 
ville, Oktibbeha County, Miss. Top of Selma chalk. 

U. S. Geol. Survey coll. 6863. —Six miles west of Tupelo, Miss., in gullies in field on westward-facing slope just 
north of Tupelo- Pontotoc mad. Toward base of Exogyra costata zone. 

U. S. Geol. Survey colls. 75, 546, 707, 6464.— Owl Creek, 3 miles northeast of Ripley, in Tippah County, Miss. 
Top of Ripley formation at type locality. 

U. S. Geol. Survey coll. 6459. "Bald Knob " on Joseph Reynolds place, 3 miles we^t of (>)rinth. Miss. Toward 
base of Exogyra costata zone. 

The species has been obtained from 28 localities in the Carolinas. Several of the more 
notable localities are the following: 

U. S. Geol. Survey coll. 4153. -Contentnea Creek, IJ miles above Grifton, Pitt County, N. C. Peedee sand. 

U. S. Geol. Survey coll. 4131.— Northeast Cape Fear River, right bank, 67 ^ miles above Wilmington, in Duplin 
'County, N. C. Peedee sand. 

U. S. Geol. Survey coll. 4133. -Johnsons Cove, Northeast Cape Fear River, right bank, 61J miles above Wilming- 
ton, in Duplin County, N. C Peedee sand. 

U. S. Geol. Survey coll. 3356. -Robinsons Landing, Cape Fear River, right bank, 50 miles above Wilmington, 
in Bladen County, N. C. Peedee sand. 

U. S. Geol. Survey coll. 4154. -Daniels Landing, Cape Fear River, right bank, 40 miles above Wilmington, 
in Bladen County, N. C. Peedee sand. 

U. S. Geol. Survey coll. 3449.— Black Rock Landing, Cape Fear River, right bank, 37 miles above Wilmington, 
in Bladen County, N. C. Peedee sand. 
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U. S. Geol. Survey coll. 4143. — Northeast Gape Fear River, Hilton Park, Wilmington, N. C. Top of Peedee sand. 

U. S. Geol. Survey coll. 4147. — Burches Ferry, Peedee River, right bank, 87i miles above Geoigetown, in 
Florence County, S. C. (15 miles below Seaboard Air Line Ry. bridge). Peedee sand. 

U. S. Geol. Survey coll. 4159. — Davis Landing, Peedee River, right bank, 71 miles above Georgetown, in 
Florence County, S. C. Peedee sand. 

EXOGYRA COSTATA Var. CANCELLATA Var. IIOV. 
Plate XX, figures 2, 3, 4; Plate XXI, figures 1, 2. 

Description. — Shell of adult moderately thick; subcircular to subovate in outline: dhnen- 
sions of an average specimen, length 92 millimeters, height 89 millimeters, convexity 41 milli- 
meters; dimensions of a rather large specimen, length 117 millimeters, height 123 millimeters, 
convexity 58 millimeters (PL XXI, fig. 2). Left or lower valve much larger than right valve 
and strongly convex; attached in proximity of beak to an external object, the beak usually 
somewhat deformed by the scar of attachment; general form, hinge characters, and other 
internal shell characters essentially the same as in Exogyra costata Say; surface of shell orna- 
mented with more or less distinct, low, bifurcating, nodular costae, the nodes produced by 
concentric depressions regularly arranged in such a manner as to give to the surface of the shell 
a checkered or cancellated appearance (PI. XX, figs. 2 and 3); the nodes on the costas are 
in some specimens more prominently connected concentrically than in the direction of the 
radiating costae, thus producing distinct concentric ridges (PI. XX, fig. 4); in nontypical 
specimens the costaB are weakly developed and there is a corresponding strong development 
of concentric growth lameUas; in adult specimens the costae, apparently without exception, 
become faint and disappear in the direction of the margin, there being an area bordering the 
margin, varying in width, on which concentric imbricating lamellae form the only ornamentation 
(PI. XXI, fig. 2); extending from the beak to the posterior margin in a curve corresponding to 
the spiral twist of the shell there is a more or less distinctly defined, shallow, depressed area 
which broadens gradually in the direction of the margin (PL XXI, fig. 2); along the posterior 
margin of this depression, which perhaps corresponds to the umbonal ridge in Exogyra costata 
Say, the radiating costae repeatedly bifurcate, those in front of this margin extending down- 
ward in the direction of the lower margin of the shell and those behind the margin extending 
upward in a rather sharp curve to the upper posterior margin of the shell. Upper or right 
valve operculiform, roughly ovate in outline and inclosed wdthin the projecting margin of the 
lower valve (PL XXI, fig. 1); usually distinctly concave on outer surface and convex on inner 
surface; hinge and other internal characters essentially the same as in Exogyra costata Say; 
beak depressed, not prominent, with nearly flat spiral twist or coil; surface ornamented with 
numerous concentrically arranged sharp-edged lamellae, separated by deep narrow depressions, 
the lamellae being more prominent toward the outer margin of the shell, the inner, strongly 
concave portion of the surface being nearly smooth (PL XXI, fig. 1); costae either absent or 
but very faintly developed toward postero-dorsal margin. 

RemarTcs. — This variety has not previously been differentiated from the typical form of the 
species. However, it possesses a distinctive ornamentation, always recognizable, which cer- 
tainly justifies its recognition as a variety; there is even a suggestion that the form developed 
parallel to rather than from Exogyra costata Say, in which case it should, perhaps, be given 
specific and not varietal rank. 

Morton * has described an oyster from New Jersey which he called Ostrea torosa, the orna- 
mentation of which, as figured, suggests that it may have been an imperfect or distorted specimen 
of this variety. The specimen was later referred by Gabb ' to Exogyra costaia, Weller, in his 
monograph on the Cretaceous paleontology of New Jersey, makes no mention whatever of the 
specimen, and probably it was not preserved and was not available for examination when his 
monograph was written. 

1 Morton, S. O., Synopsis of the. organic remains of the ferruginous sand formation of the United States: Am. Jour. Sci., 1st ser., vol. 24, 1833, p. 
130, PI. X, flg. 1; Synopsis of the organic remains of the Cretaceous group, 1834, p. 52, PI. X, fig. 1. 
s Gabb, W. M., Synopsis of the liollusca of the Cretaceous formation, 1861, p. 122. 
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Oeologic occurrence. — This variety makes its first appearance approximately coincident with 
the initial appearance of the typical, strongh' costate forms; that is, at the base of the zone of 
Enogyra costata; it has not been found in association with typical specimens of Ezogyra pon- 
derosa Roemer. In the lowermost beds of its stratigraphic range, especially in Mississippi, it 
appears to exceed in numbers the typical costate forms. In the successively higher beds it 
appears to decrease in numbers, and it is absent, so far as known, from the upper 80 or 100 feet 
of strata in Mississipi)i and western Alabama and probably from a somewhat greater 'thickness 
in the Chattahoochee region. 

In the Carolinas the form occurs in the Peedee sand, the known localities being near the 
base of that terrane; that is, near the base of the zone of Exogyra costata. 

Among the collections in the National Museum are specimens of this variety labeled as 
follows: 

U. S. Geol. Survey coll. 288c. — Cretaceous (Middle marl), near St. Georges, Del. Collector, J. B. Marcou. [2 
specimenfl.] 

U. S. Geol. Survey coll. 286. — Cretaceous. New Egy-])!, X. J. Collector, J. B. Marcou. [12 or more specimens.] 
U. S. Nat. Museum Cab. No. 21778.— New Jersey, part of O. N. Bryan collection, March ^8, 1892. 

The St. Georges spechnens probably came from an exposure on or near the Chesapeake 
and Delaware Canal. The specimens from New Egypt are associated with CttcvUsea antrosa 
Morton, Exogyra costata Say (typical), Gryphsea vesicularis Lamarck, VenieUa conradi (Morton), 
Cardium spiZZmam Conrad, sind BelemniteUa americana (Morton); the collection probably came 
from a Monmouth horizon (possibly the Navesink marl of the Monmouth group) within several 
miles north or northwest of New Egypt, Ocean County; for according to the geologic map of 
New Jersey only strata of the Rancocas and Manasquan formations, from which no representa- 
tives of Exogyra have been reported, outcrop in the immediate vicinity of New Egypt. The 
collection has the aspect of a Navesink marl fauna. 

In Arkansas the variety occurs abundantly in the Marlbrook marl. 

In Texas the variety has been obtained from three localities, all of which are probably near 
the base of the Navarro formation. The first locality is one-half mile north of Cooper, Delta 
County (U. S. Geol. Survey colls. 4064 and 7509) and the second and third are 4 and 4^ miles, 
respectively, east of Crandall, Kaufman County (U. S. Geol. Survey coll. 7549). 

Three typical specimens of this variety, brought from Mexico in 1906 by Dr. T. W. Stanton, 
were given to him at San Luis Potosi and were said to have been collected from a locality (U. S. 
Geol. Survey coll. 4129) near Ciudad ilel Maiz, State of San Luis Potosi. 

Localities. — In the eastern Gulf region the variety has been obtained from 27 localities, 
detailed descriptions of which accompany the tables (pp. 24-25). Some of the more notable 
occurrences are the following: 

U. S. Geol. Sur\'ey coll. 64\Hg-j. — Johnsons Hill, 4 miles north of Lumpldn on Lumpkin- Lou vale road, Stewart 
County, Ga. Ripley formation, Exogyra costata zone. 

U. S. Geol. Survey colls. f>413, 6414. — Cuts of Seaboard Air Line Railway, one-quarter to IJ miles north of Renfroee, 
Stewart County, Ga. Ripley formation, Exogyra costata zone. 

U. S. Geol. Survey colis. 6790, 6792.— Alabama River, Rocky Bluff, about 1 mile above Prauie Bluff, Wilcox 
County, Ala. Ripley formation, within 80 to 100 feet of top of Cretaceous. 

U. S. Geol. Survey coll. 6805. — Public road, 6 miles north of Livingston, Sumter County, Ala. Selma chalk, 
Exogyra costata zone. 

U. S. Geol. Survey coll. 6478. — Roadside exposure on Brane's plantation, 2i miles south of Macon, Noxubee 
County, Miss. Selma chalk, Exogyra costata zone. 

U. S. Geol. Survey coll. 6840. — Exposure in public road, 3 miles northwest of Macon, Noxubee County, Miss. 
Selma chalk, Ezogyra costata zone. 

U. S. Geol. Survey coll. 6862. — West Point-Cedar Bluff road, 1 mile east of Cedar Bluff near west end of bridge 
over Line Creek, Clay (\)unty, Miss. Selma chalk, Exogyra costata zone. 

U. S. Geol. Survey coll. 6472. — Gullies south of Troy-Shannon road, 3 miles east of Troy, in Lee C-ounty, Miss. 
Selma chalk, Exogyra costata zone. 

U. S. Geol. Survey coll. 6456. — Gullies near j)ublic road, 3J miles northwest of Booneville, Prentiss County, Miss. 
Selma chalk near base of Exogyra costata zone. 

U. S. Geol. Survey coll. 6459.- Bald Knob, J(»seph Reynolds place, 3 miles west of Corinth, Alcorn County, Miss. 
Selma chalk, toward base t>f Exogyra costata zone. 
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U. S. Geol. Survey coll. 6879. — Gut of Southern Railway, 2} miles west of Corinth, Alcorn County, Miss. Selma 
chalk, toward base of Exogyra costata zone. 

U. S. Geol. Survey coll. 6927. — Selmer-Adamsville road, 3 miles west of Adamsville, McNairy County, Tenn. 
Impure phase of Selma chalk near base of Exogyra costata zone. 

Specimen No. 8358 of the State Natural History Museum, Springfield, 111. Excavation for pier of Illinois Centra] 
Railroad bridge near Cairo, 111. Exogyra costata zone. 

In North Carolina the variety has been obtained from the following four localities: 

U. 8. Geol. Survey coll. 3353. — Kellys Cove lAuding, Cape Fear River, 46J miles above Wilmington. Peedee 
Band (toward base). 

U,S. Geol. Survey colls. 3450, 5370. — Indian Wells Landing, Cape Fear River, 41 milesabove Wilmington. Peedee 
sand (toward base). 

U. S. Geol. Survey colls. 3449, 5371. Black Rock Landing, Cape Fear River, 37 miles above Wilmington. Peedee 
sand (toward base). 

U. S. Geol. Survey coll. 5367. — Near Sparkleberry Landing, Black River, 39| milesabove Wilmington. Peedee 
sand (toward base). 
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PLATE XIII. 

EXOOTKA UPATOIEN8I8 sp. nOV. (p. 46). 

Figure 1. — Specimen with both valves attached, from baaal beds of the Eutaw formation, Broken Arrow Bend, Chat- 
tahoochee River, 10} miles below Columbus, Ga. (U. S. Geol. Survey coll. 5384). Shows ornamentation 
of left or lower valve and scar of attachment to a univalve shell. 

2. — Same specimen as preceding, showing right or upper valve. 

3. — Left valve of a nearly complete specimen from basal beds of Eutaw formation, bluff of Upatoi Creek, 
below bridge of Colimibus-Cusseta road, 7 miles southeast of Columbus, in Chattahoochee County, Ga. 
(U. S. Geol. Survey coll. 5317). Shows character of ornamentation toward apical portion; ai)ex some- 
what distorted by scar of attachment to a univalve shell. 

4. — Large left valve from same locality as specimen shown in figure 1 (U. S. Geol. Survey coll.5334). Show6 
a weaker development of cost® than on preceding specimens, and scar of attachment to a bivalve shell. 

ExooYBA FONDEROSA Roemer (p. 46). 

Figure 5. — Specimen with both valves attached, from the Tombigbee sand member of the Eutaw formation {Exogyra 
ponderaaa zone, Mortoniceras subzone); bluff at Blufftown, Chattahoochee River, ZH miles below 
Columbus, Ga. (U. S. Geol. Survey coll. 640d(f). Shows development of small costie on apical portion 
of shell. 

6. — Same specimen as preceding, showing absence of costse on all but apical portion. 

7. — ^Another view of the same specimen. A small scar of attachment appears on the tip of the beak. 
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PLATE XIV. 

ExoGYRA P0NDEB08A Roomcr (p. 46). 

Ponderous left or lower valve from the Tombigbee sftnd member of the Eutaw formation (Erogyra ponderosa zone, 
MortonicerasBubzone); Plymouth Bluff, Tombigbee River, 4 to 5 miles northwest of Columbus, Ix)wnde8 County, 
Miss. (U. S. Geol. Survey coll. 6451c). This specimen is devoid of costs). 
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PLATE XV. 

ExoGYRA PONDEROSA Roemer (p. 46). 

Figure 1. — Left or lower valve from the Tombigbee sand member of the Eutaw formation {Exogyra ponderosa zone, 
MortonicerasBubzone); Plymouth Bluff, Chattahoochee River, 4 to 5 miles northwest of Columbus, 
Lowndes County, Miss. (U. S. Geol. Survey coll. 6918). Shows umbonal ridge well developed. 

2. — Right or upper valve of the preceding individual, showing surface characters. 

3. — Interior view of the specimen shown in figure 2, showing hinge, adductor scar, and other internal chai^- 
ters. 

Exogyra ponderosa var. erraticostata var. nov. (p. 40). 

Figure 4. — Left valve from the ba«e of the Selma chalk {Exogyra ponderosa zone, above the Mortoniceras subzone) ; 
1 mile west of Cotton Gin Port, Monroe County, Miss. (U. S. Geol. Survey coll. 6888). Shows typical 
ornamentation of this variety. 
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PLATE XVI. 

P]X00YRA PONDEROSA Var. ERRATICOSTATA VaF. nOV. (p. 49). 

FiouKE 1. — Ijeft or lower valve from the base of the Selma chalk ( J5.ro<7i/ra ponderosa zone, alK)ve the Mortoniceras sub- 
zone); 1 mile west of (?otU>n Gin Port, Monroe County, Miss. (U. S. Gt»ol. Survey coll. G888). Shows a 
rather weak development of the irregular costae, with fine costse well developed on the beak; the irregu- 
lar cosUe are well developed on the anterior portion of shell (which does not show in plate). 
2. — Exterior view of right valve of the preceding individual. 

ExooYRA cosTATA Say (p. 50). 

Figure 3.— T^eft valve from the Ripley formation (Erogyra costata zone): Johnsons Hill, 4 miles north of Lumpkin, 
Stewart County, Ga. (U. S. Geol. Survey coll. 6418€). Shows the regular coeta; t>T)icaIly developed. 
4.— Another view of the pre<^e<ling 8])ecimen. 
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PLATE XVIL 

ExooYRA cosTATA Say (p. 50). 

FiouRB 1. Exterior view of right or upper valve from the Ripley formation (Exogyra costata zone); Johnsons Hill, 4 
miles north of Lumpkin, Stewart County, Ga. (U. S. Geol. Survey coll. 6418c). Shows siu'&tce characters; 
costae faintly developed. 
2. Left valve from the Selma chalk (near base of Exogyra costata zone); "Bald Knob" on Joseph Reynolds 
place, 3 miles west of Corinth, Alcorn County, Miss. (U. S. Geol. Survey coll. 6459). Shows coarser, wider 
costae than on typical specimens and a rather strong development of concentric growth projections, also a 
very laige scar of attachment. 
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PLATE XVIII. 

BxoGTRA oosTATA Say (p. 50). 

Ponderous left valve from the Selma chalk (Exogyra cosUUa zone); 6 miles north of Scooba, on Wahalak-BinnsviU? 
Toady westward-facing slope of Wahalak Creek valley, Kemper County, Miss. (U. S. Geol. Survey coll. 6480(/). 
Shows the absence or laint development of oostse toward the maigin of a laige oveigrown specimen. 
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PLATE XIX. 

ExooYKA cosTATA Say (p. 50). 

Figure 1. Left valve from the Peedee sand; Robinsons Landing, Cape Fear River, 50 miles above Wilmington in 
Bladen County, N. C. (U. S. Geol. Survey colL 3356). Shows extreme development of concentric lamellae. 

2. Interior view of same specimen showing hinge, adductor scar, and other internal characters. 

3. Left valve from tongue of Selma chalk at top of Cretaceous {Exo^yra costata zone, Liopiatha protexta sub- 

zone); Old Canton Landing, Alabama River, Wilcox County, Ala. (U. S. Geol. Survey coll. 6439). Shows 
narrow costae characteristic of specimens from this subzone. 

4. Left valve from the Ripley formation (Exogyra costata zone, approximately the LiopUtha protexta Buhzone); 

Owl Creek, 3 miles northeast of Ripley, Tippah County, Miss. (U. S. Geol. Survey coll. 6464). This 
specimen also illustrates the narrow costs characteristic of specimens from the Liopistha protexta subzone. 
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PLATE XX. 

ExoGYRA cosTATA Say (p. 50). 

Figure 1. Specimen with valves attached, from the Ripley formation (Exogyra costata zone); Chattahoochee River, 
opposite the mouth of Buistahatchee Creek, 6^ miles above Eufaula, Ala. (U. S. Geol. Survey coll. 6398). 
Shows right or upper valve with costse more strongly developed than normal, and cost® toward apical 
portion of left valve. 

ExOGYRA COSTATA Var. OANCELLATA VEF. nOV. (p. 53). 

Figure 2. Left or lower valve from the Selma chalk {Exogyra costata zone); West Pointr-Cedar Bluff road, 1 mile east 
of Cedar Blu£f, near west end of bridge over Line Creek, Clay Coimty, Miss. (U. S. Oeol. Survey coll. 
6862). Shows characteristic ornamentation of surface. 

3. Left valve from impure phase of the Selma chalk (toward base of Exogyra costata zone); cut of Southern 

Railway 2f miles west of Corinth, Alcorn County, Miss. (U. S. Geol. Survey coll. 6879). Shows character 
of ornamentation on apical portion of shell. 

4. Left valve from the Selma chalk (Exogyra costata zone); exposure in public road, 3 miles northwest of 

Macon, Noxubee County, Miss. (U. S. Geol. Survey coll. 6840). Shows extreme development of con- 
centric ridges. 
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PLATE XXI. 

ExooTRA cosTATA vaT. CANCELLATA var. nov. (p. 53). 

Figure 1. — Right or upper valve from the Selma chalk (Exogyra eostata zone); gullies near public road 3} miles 
northwest of Booneville, Prentiss County, Miss. (U. S. Geol. Survey coll. 6456). Shows the surfiice 
characters of this valve. 
2. — Left valve from impure phase of Selma chalk {Exogyra oostata zone); Selmer-Adamsville road, 3 miles 
west of Adamsville, McNairy County, Tenn. (U. S. Geol. Surv. coll. 6927). Shows absence of radiating 
coetae toward margin of a laige specimen, and depressed area extending from back to lower posterior 
margin. 
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THE GEOLOGY OF LONG ISLAND, NEW YORK. 



By Mtbon L. Fuller. 



n^TRODUCTION. 

Location, — ^Long Island, New York| is the lai^est island adjoining the coast of the United 
States proper. It is 118 miles long, extending from the Narrows at the entrance of New York 
Harbor Gongitude 74° 2' W.) to a poiiit nearly due south of the eastern boundary of Connecticut 
(about 71° 50' W.)- Its maximum width is about 20 miles. The island is included in the 
State of New York, but only a few miles of its shore line is adjacent to the mainland portion 
of that State, more than seven-eighths of its total length lying off the Connecticut shore (fig. 1). 

Geologic relations. — In its general geologic relations Long Island belongs to the inner part 
of the Atlantic Coastal Plain (fig. 2), the line between the deposits of this plain and the meta- 
morphic rocks upon and against which the sediments were laid down crossing the extreme west 
end of the island near Long Island City. The basal or fundamental deposits are of Cretaceous 
age and correspond to beds of similar age in New Jersey and the region farther south. They 
appear at a considerable number of 
points in the western half of the 
island but in the eastern part are 
nowhere seen at the surface. No 
equivalents of the Tertial'y deposits 
of the tnainland have beeli definitely 
recognised, although some loose 
sands possibly referable to the Ter- 
tiary period have been noted at one 
point. 

Only a part of the deposits of 
the island are true coastal-plain de- 
posits, the greater portion of both 
the surface and the imderlying mate- 
rials throughout the island being of 
Pleistocene age and representing the 
morainal and outwash accumula- 
tions associated with the continental 
glaciers (fig. 2). The two morainal 
ridges, which are among the most conspicuous features of this area and which together 
form "the backbone of the island," are the direct continuation of the series of moraines of 
Wisconsin age which are traceable almost continuously from the Rocky Mountains to New 
Jersey and thence through Long Island and the islands on the east as far as Nantucket and 
Cape Cod. The various beds making up the considerable thickness of Pleistocene accumula- 
tions beneath the ridges mentioned and above the Cretaceous formations likewise represent 
older drift sheets of the central United States on the west and the Pleistocene formations of the 
New England coast on the northeast. 

Purpose of this investigation. — ^The investigation of the geology of Long Island was imder- 
taken in connection with a study of the underground waters of the island made by the United 
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States Geological Survey in cooperation with the Conunission on Additional Water Supply of 
New York City. During the progress of the work many new geologic facts were developed, 
some of which demanded extensive modifications of the views previously held as to the structure 
and geologic history of the island. In fact, a complete revision of the geology became necessary 
in order that the observations on the underground waters might be thoroughly understood. 
This geologic work was conducted in connection with the water investigation during 1903, most 
of the roads on the island being traversed and a very large number of well records collected. 
Geologic work was continued during several weeks in 1904 and again for a few days in 1905, to 
complete a study of bluff sections along the north shore and to establish the correlation of the 
Long Island deposits with other Pleistocene deposits on the east and west. 

Status of Pleistocene 
correlatian. — From the able 
studies of Chamberlin, Cal- 
vin, Leverett, and other 
United States and Canadian 
geologists, the Pleistocene 
deposits of the interior of 
North America have been 
differentiated and their ac- 
cumulation in a series of 
four or more successive 
glacial stages has been es- 
tablished. East of Ohio, 
however, because the last or 
Wisconsin invasion in many 
places advanced farther 
than the earlier ice sheets — 
removing, covering, or other- 
wise obscuring their depos- 
its — little' has been done 
toward the differentiation 
and correlation of the drifts. 
A fringe of old, deeply 
weathered drift stretching 
across Pennsylvania and 
New Jersey, it is true, has 
long been recognized outside 
of the Wisconsin moraine 
and because of the weath- 
ered state of its materials 
has been provisionally cor- 
related with the Kansan or 
pre-Kansan. On Long Is- 
land Woodworth * recog- 
nized an earlier drift underlying the Wisconsin and separated from it by a distinct erosion 
unconformity, but beyond correlating it with the Columbia group of the Coastal Plain he made 
no attempt to assign it to a definite stage. On Block Island, Marthas Vineyard, Nantucket, and 
Cape Cod three glacial stages with intervening interglacial stages were recognized and a part of 
the Pleistocene history was deciphered.' The invasions were designated the first, second, and 

1 Woodworth, J. B., Pleistocene geology of portioos of Nassau County and Borough of Queens: Bull. New York State Mus. No. 48, 1901, p. 624. 

X Woodworth, J. B., Geology and geography of the clays, in Shaler, N. S., Woodworth, J. B., and Marbut, C. F., Glacial brick clays of Rhode 
Island and southeastern Massachusetts: Seventeenth Ann. Kept. U. S. Geol. Survey, pt. 1, 1896, pp. 975-988. Shaler, N. 6., Geology of the Cape 
Cod distrust: Eighteenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1898, pp. 497-^03. 
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third glacial stages, but no attempt was made to correlate them with the stages of the Missis- 
sippi and Ohio valleys, which in fact had not then been fully worked out. No further attempt 
at differentiation or correlation was made until the problem was taken up by the writer and 
his party in 1903, the question of equivalency of the eastern and central glacial deposits 
remaining one of the great unsolved problems of Pleistocene correlation in this coimtry. 

ResuUs of the work. — ^The results of the work begun by the writer and assistants in 1903 
and continued in 1904 and 1905 ha\^e been the apparent establishment for the eastern region 
of all but one (the lowan) of the five principal glacial stages recognized in central United States, 
the recognition of one or more substages, the discovery of criteria for differentiating the deposits 
of each stage, and the unraveling to a large extent of the complicated history of the region. 
The evidences in regard to the conditions and history of the principal glacial and interglacial 
stages on Long Island appear to be fully as clear and conclusive as those in any single area 
of the earlier studied regions of the interior. 

Scope of this report, — ^The investigations along the New York and New England coasts 
have brought out the facts that the formations of the Pleistocene epoch were nowhere so well 
developed and the sequence of events is nowhere so clea]:ly set forth as on Long Island, which 
m fact may be considered as affording the type section of the earlier glacial deposits of the 
coastal zone. All stages except the lowan are here represented. In the present report the 
Long Island section is discussed in considerable detail to supply a basis of comparison with 
sinplar deposits elsewhere. This systematic discussion is followed by a short tabular summary 
of the geographic distribution of exposures, for the benefit of teachers and others interested in 
the physiography and geology of special localities, and by a chapter on correlation, in which 
the equivalency of the deposits of Long Island to glacial deposits elsewhere, especially to those 
of the New England coast, is considered. 

Fidd work and (icknowledgments, — ^As already stated, the geologic work was undertaken in 
connection with a cooperative investigation of the water resources of Long Island by the United 
States Geological Survey and the New York Commission on Additional Water Supply in 1903 
and was continued independently of the commission in 1904 and 1905. The ground-water 
investigation included a careful collection of well records, of which about 1,500 — many of them 
accompanied by samples of the materials penetrated — were procured. Other geologic work in 
1903 included traverses of practically every road outside of the portion of the island included 
in Greater New York and many visits to special localities, mainly in connection with the studies 
of ground water. In 1904 a traverse was made of the north shore from Port Jefferson to Orient 
Point and of the shores of Great and Little Peconic, Gardiners, and other smaller bays to Montauk 
Point, during which the bluff sections were examined in great detail and fossils were collected 
at a number of points. Gardiners, Plum, and Fishers islands, portions of the Elizabeth Islands, 
Marthas Vineyard, Nantucket, and Cape Cod were also visited. In 1905 the investigations 
covered the bluffs along the north shore of Long Island from Port Jefferson westward, the coast 
of Rhode Island from Watch Hill to Point Judith, and a number of previously unexamined 
points on the Massachusetts coast as far north as Boston. 

Valuable assistance in the work was rendered by a number of geologists. A. C. Veatch, 
to whom the investigation of the underground waters was assigned, rendered especially valuable 
service in the collection of well records and samples, and D. W. Johnson contributed largely to 
the success of th^ areal investigations. Much paleontologic information in regard to the 
Cretaceous was furnished by Arthur Ilollick, and Pleistocene fossils from several localities were 
identified by W. H. Dall. Aid in the geologic investigations on Long Island was also rendered 
by Isaiah Bowman and B. L. Johnson. In Rhode Island and Massachusetts F. G. Clapp assisted 
largely in establishing the Pleistocene correlations. For the interpretations and conclusions 
based on the bluff sections of Long Island and on the work done in the EUzabeth Islands and on 
Marthas Vineyard and Nantucket, as well as for most of those reached elsewhere in Massachu- 
setts, the writer is alone responsible. 
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DEVELOPMENT OF THE OEOIjOOIC UTERATURE ON LONG ISLAND. 

OENBBAL TBEHD. 

The earliest publication relating to the geology of Long Island of which the writer has 
information appeared about 1750. From that date until 1800 little seems to have been written, 
but between 1800 and 1827 a number of contributions on the geology of the island were published. 
In 1837 the preliminary results of the examination by the New York Geological Survey appeared, 
marking a new epoch in its literature, and a few years later the classic report on the first district 
was pubUshed. From this time until 1878 a considerable number of papers, mainly descriptive, 
of Cretaceotis and other fossils were issued, but little advance was made in the study of the 
younger deposits. Beginning with 1878 the drift received much attention, and many papers 
of importance appeared, in which, however, the glacial epoch was regarded either as a unit or 
as two or more stages of indefinite age. The work of differentiation and classification of the 
drifts, which began in 1901, opened the latest period in the Uterature of the island. 

From the preceding outline it is apparent that there have been several phases or periods in 
the development of the study of the geology of the island as expressed by its hterature, which 
for convenience may be described by terms indicating the characteristic trend, of the papers 
published during the respective periods, as (1) alluvial phase, (2) diluvial phase, (3) early 
paleontologic phase, (4) early drift phase, and (5)^later drift phase. 

LITEBATT7BE FEOX 1760 TO 1837 (ALLUVIAL PHASE). 

The period from 1750 to 1837 covers the beginning of the study of Long Island geology. 
In it the first geologic examinations of the island were made and the first classification and 
correlations of its deposits were attempted. It was not a period of detailed field examinations, 
most of the published observations being records of private travels, with occasional attempts 
at interpretation, but it was marked by the appearance of the first geologic map. 

To Dupont de Nemours is credited the first statement on the geology of the island that 
has been found. In a publication ^ appearing about 1750 he said that Long Island, although 
not a delta in form is one in reality, being formed by marine currents depositing the fluviatile 
alluviimi brought down by Hudson, Passaic, Hackensack, and Raritan rivers. This early 
reference is much more in harmony with present views than those referring the island to the 
"primitive formation," which immediately followed it. We now know that the southern 
two-thirds of the island, if not a delta as postulated by De Nemours, is at least made up largely 
of confluvial deltas from glacial streams. 

The next writer of note dealing with Long Island appears to be Samuel L. Mitchill. Writ- 
ing in 1800,' he referred the part of the island north of the "spine" (on the basis of the granitic 
bowlders which are abundant along the north coast) to the "primitive formation." His paper 
gave a sununary of the topography of the island and the erosion that was going on, stating 
that the island has been separated from the mainland by the encroachment of the salt water 
during the lapse of ages. He also discussed the marshes and beaches, the character, distribu- 
tion, and immense size of the bowlders, and the occurrence of marine fossils in wells. Mitchill 
gave a further description of the bowlders in a paper appearing in 1802 ' and expressed the 
belief that Plum, Gull, and Fisher islands on the north and Block Island on the south were once 
connected' respectively with Orient and Montauk points. This is the first recognition of the 
essential continuity of the ridges later known as the inner and outer moraines. 

In 1809 appeared the first geologic map of the United States, accompanied by an explana- 
tory paper by William Maclure.* The map bears the note "By Samuel G. Lewis," but it appears 
to have been based on Maclure's observations, and is generally known as the Maclure map. 
On it the north half of the island is shown as "alluvial," a term then applied to all the uncon- 
solidated beds of the Coastal Plain. This is also stated in the text. 



1 QuelqueB m^moira sur dUT^enssujets, quoted by W. W. Mather, Geology of New York, pt. 1, 1843, p. 150. 

> A sketch of the mlneralogical history of the State of New York: Med. Repository, toI. 1, 2d ed., 1800, pp. 27»-303, 431-439; vol. 3, 1800, pp. 
316-^36. 

* MltdhUl, 8. L., A sketch of the mlneralogical history of the State of New York: Med. Repository, vol. 5, 1802, pp. 212-215. 

* ObMrrations on the geology of the United States: Trans. Am. Philos. Soc., vol. 6, 1809, pp. 411-428. 
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Mitchilly who a few years before had assigned the north side of the island to the '' primi- 
tive formation/' reversed his opinion in 1811 and stated that all of the material was alluvial 
except near ''Hurlgate'' (Hell Gate), citing the occurrence of shells in deep wells as evidence 
of such origin.^ This appears to be the first reference to the fossiliferous silts now known as 
Gardiners clay. Seven years later Mitchill reiterated the conclusion as to the alluvial origin 
of the island and cited additional instances of buried shells.' In the same paper, in describing 
the northernmost ridge, he called attention to the superimposition of bowlders (Wisconsin) over 
the '^ marine deposits'' (Manhasset formation). This may possibly be taken as the first subdi- 
vision of the deposits of the island. 

In an account of his travels Timothy Dwight," then president of Yale, noted the difference 
between the rounded character of the fragments over most of the island and their angularity 
west of Jamaica and at Montauk, this being the second distinction on Long Island of the deposits 
afterwards known as stratified drift and till. The hills at Shinnecock, which by many later 
writers have been regarded as moraines, were described by Dwight as being at that time bare 
hills of drifting sand. The island he regarded as having been formed as a bar by the Gulf 
Stream, which swept inward during the Deluge. Buried shells and logs of wood are described 
as occurring at sev^al points. 

Writing in 1824, John Finch said ' that no rivers are competent to deposit such masses 
of alluvial material as are found on Long Island, which he considered as being the northern 
extension of the Tertiary, the ridges, however, being referred to as "diluvial." The whole 
island was considered to be underlain by sand, gravel, and clays containing fossil shells 
(Venus, Ostrea, Murex, etc.) and tree trunks, and these beds were correlated with the clays at 
Amboy, N. J. 

In 1827 S. G. Morton arranged and published certain notes of Lardner Vanuxem,* who 
recognized the ''Secondary" (the equivalent of the present Cretaceous of the island) in addition 
to the Tertiary already recognized. 

UTEBATUBE FBOM 1837 TO 1842 (DILUVLAX PHASE). 

The period from 1837 to 1842, though the shortest of the five into which the geologic lit- 
erature of Long Island has been divided, is nevertheless among the most important, being 
marked by the publication of the results of the first systematic field examination of the island — 
that by the first Geological Survey of New York. It is characterized by detailed observations 
rather than by inferences, and in it the complexity of the geologic history of the island was 
for the first time distinctly recognized. Little further progress in solving the problems of 
that history could be made as long as the hypothetical '' diluvial process," the exact nature 
of which few pretended to comprehend fully, was appealed to as an explanation of the origin 
of the island. 

A report on the preliminary reconnaissance of the island by W. W. Mather,' geologist 
of the first district of New York, appeared in 1837 and included discussions of the economic 
geology, erosion features, bars and spits, landslides, dunes, erratic bowlders, clays, and the 
occurrences of fossils and lignite in deposits penetrated by wells. A year later ' further descrip- 
tions of the geologic features and processes were published. Mather's discussions of the 
extension of marshes, the occurrence of submerged tree stumps, the encroachments of the 
sea, the formation of beaches, spits, and bars, the occurrence of garnet and magnetite sands, 
and the distribution of bowlders are of special interest, as is also his prediction as to the ulti- 
mate value of the peat deposits of the island. 

I ICltchill, S. L., An amendment proposed to the geological chart of the United States: Am. Mhieralog. Jour., vol. 1, 1814, pp. 129-133; Geology 
of Long Island: Idem, pp. 261-263. 

* Mitchill, 8. L., Observations on the geology of North America, appendix to Cuvier's Essay on the theory of the earth (tr. by Robt. Jameson), 
New York, 1818, pp. 379-382. 

» Travels In New England and New York, vol. 3, 1822, pp. 283-^6. 

* Geological essay on the Tertiary formations in America: Am. Jour. Sci., Ist ser., vol. 7. 1824,.pp. 31-43. 

* Geological observations on the Secondary, Tertiary, and Alluvial formations of the Atlantic coast of the United States of America: Jour. Acad. 
Nat. Sci. Philadelphia, vol. 4, pt. 1, 1827, pp. 59-71. 

« First Ann. Rept. New York Geol. Survey, 1837, pp. 61-95. 

' Ifatber, W. W., Second Ann. Rept. New York Oeol. Survey, 1838, pp. 121-184. 
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Four years afterward appeared the classic report on the First district,^ which contained a 
detailed discussion of Long Island. In this report, in addition to more complete discussions 
of the processes and phenomena treated in the earUer reports, a classification of the deposits 
of the island was attempted and its origin was considered. The materials were divided into 
two systems — the Long Island system, called *' Upper Secondary" and made to include the 
Cretaceous and Tertiary formations, and the Quaternary system, comprising the Alluyial, 
Quaternary, and Drift divisions. The principal mass of the island, including the white clays, 
was held to be older than Tertiary, the lower beds being regarded as equivalents of the Creta- 
ceous deposits of New Jersey, Delaware, and Maryland. The colored clays above the white 
clay, which were beheved to underlie the whole island, were recognized as older than the surface 
drift and were referred to the Tertiary. This was the earliest recognition of a clay floor such as 
that described by later geologists, although it is now known that two clays of widely different 
age and stratigraphic position were considered by Mather as one. After the deposition of the 
later clays (Gardiners clay) they were folded, as if by the lateral pressure of slides, after which 
they were denuded (Montauk ice erosion) before the deposition of the drift (Wisconsin) uncon- 
formably on their surfaces.' In the *^ Drift division" overlying the folded clays was included 
a thick deposit of what is now known as till (Montauk till member of Manhasset formation) , 
and above this came the *' Quaternary division," embracing the more recent clay and sand 
deposits of Long, Staten, and New York islands (Hempstead gravel member of Manhasset 
formation and later deposits). '^Some bowlder and drift deposits (Wisconsin) overlie this 
formation, but the main drift deposit, which was usually called alluvium, erratic block group, 
bowlder system, etc. (Montauk till member), underlies this formation."' The '^Quaternary 
division" had three members, the lower being a blue clay, the middle a gray to buff clay, and 
the upper a sand. The clays were correlated with those of the Hudson and Champlain valleys. 
There is little doubt, however, that the three members are really to be correlated, respectively, 
with what are now called the Gardiners clay, the Jacob sand, and the Herod gravel member 
of the Manhasset formation. Their assignment to a position above the main drift (Montauk 
till member of Manhasset formation) was doubtless due to the absence of this member of the 
Manhasset formation in Mather^s type localities — an absence that is not at all unconmion. 

Two drifts were also distinctly recognized elsewhere in Mather's report. In speaking of the 
'*Drift division" he said; '*It is beheved there is abundance of evidence of two epochs of strong 
currents, with a period of considerable duration of comparative repose between them." * This 
statement, which was lost sight of by subsequent writers, deserves recognition as one of the 
earUest if not the first expUcit assertion in America of the duality of the drift period. Mather's 
statement in regard to fossils is also full of significance. '^Most of them without any doubt 
occur below the drift, a few in the drift, and none or very few in the Quaternary deposits." * 

Mather's conception seems to have been that the ''lower drift" (Montauk till member of 
Manhasset formation) and the drift of the ridges (moraines) were the same and were deposited 
simultaneously as irregular hiUs, over or about which the deposits of his '^Quaternary division" 
were laid down in standing water. After this a layer of pebbles, gravel, and bowlders, "which 
was called the upper drift," * was deposited over the whole. The deposits of his "Alluvial 
division," including fluviatile, lacustrine, marsh, and marine beds, all of which are still accu- 
mulating, completed the formations of the island. In explaining the origin of the drift Mather 
postulated diluvial processes requiring the action of strong currents laden with floating bergs 
and recognized two periods of great activity separated by a quieter period, in which the deposits 
of his "Quaternary division" were laid down. 

LITEBATURE FROM 1843 TO 1878 (EABLY PALEONTOLOGIC PHASE). 

After the pubUcation of the report on the First district the drift deposits received little 
further attention for a period of 35 years, Mather's work during this period being accepted as 
authoritative and extensively quoted.® Of the new scientific contributions during this period 

» Mather. \V. W., Geology of New York, pt. 1, 1H43. « Idem, p. 272. « Idem. p. 123. « Idem, p. 158. * Idem, p. 264. 

> Thompson, B. F., The histor>' of Long Ljland from its disc-overy and settlement to the present time, 2 vols.. New York, 1843. 
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by far the greater number related to paleontology, although several physiographic papers of 
importance appeared. 

In Mather's report the older clays of Long Island had been assigned, on the basis of simi- 
larity to the New Jersey deposits, to the Cretaceous, but no fossils identifiable as Cretaceous 
had been foimd. In the year in which the report appeared, however, a notice of the finding 
by William C. Redfield of Exogyra costata in a well in the drift at Brooklyn lleights was pub- 
lished. This was asserted to be the first authentic discovery of a Cretaceous fossil on the 
island.^ 

Four years later notes on more recent fossils in the drift near Brooklyn were given in 
another paper by Redfield.' In conmienting on this paper the editor said that the writer brought 
out the fact "that at least two periods of drift must be recognized, one of which was anterior 
to the deposit of clay in the valleys first referred to, the second that during which the shells on 
the sunamit of Montreal Island and Long Island were deposited.'' In 1848 E. Desor ^ reported 
shells in deposits of striated pebbles (Montauk member?) forming an anticline on the flanks 
of which were inclined sand and clays (Herod gravel member of Manhasset formation, etc.). 
Bouchepon * thought the structure might be due to a change of conditions caused by a shifting 
of the earth's axis. 

The next contribution on the geology of the island was by C. H. Davis,* who described the 
action of currents on the configuration of the entrance of New York Harbor. In 1850 and 
1851 appeared two papers by E. Desor,* who in the second of these papers explained certain 
phenomena of folding in the drifts about Boston as due to the settling of the deposits following 
the melting of buried ice masses, a conclusion of interest in view of the explanations later 
advanced in regard to the folding on Long Island. In 1854 a further note on the drift at 
Brooklyn was made by Redfield,^ who reported the finding of additional fossils and advanced 
the view that the drift period was greatly protracted but was later than the time of the so-called 
post-Tertiary (fossilif erous) deposits, which he regarded as marking a distinct epoch. Desor ^ 
diflFered from Redfield on this point, arguing that the deposit at Brooklyn was simply an 
exception to the common rule of Quaternary formations. 

The year 1857 was marked by the appearance of an important paper by Georgo H. Cook,' 
who cited many instances of submerged timber and marshes, especially near Hempstead, 
Babylon, and IsUp. Cook showed that undercutting by the waves does not explain the occur- 
rences, which are more likely due to a subsidence that is still going on at the rate of -2 feet in 
a hundred years. 

In an agricultural paper, published in 1859, Winston C. Watson • referred all of the island 
except the ledges near Hell Gate to alluvium, which he considered to have been formed by the 
sea in the same manner as the present beaches. 

Four years later Dana,*® in the first edition of his Greology, placed the northern limit of 
the Cretaceous at Staten Island. He seems inclined to refer the older deposits of Long Island 
to the Tertiary, although recognizing the glacial origin of the surface formations. He also 
illustrated the submarine valley oflF New York Harbor in connection with his discussion of 
Triassic rocks, saying: "The border, now submerged, has therefore in former times been dry 
land; it may have been partly so in the Triassic period." 
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1 Am. Jour. Sci., lat eer., vol. 45, 1843, p. 156. 

s Redfield, W. C, On the remains of marine shells of existing species found interspersed in deep portions of the hills of drift and bowlders in 
the heights of Brooklyn, on Long Island, near New York City: Am. Jour. Agr. and Sci., vol. 6, 1847, pp. 213-219; Am. Jour. Sci., 2d ser., vol. 6, 
1848, pp. 110-111. 

s Proc. Boston Soc. Nat. Hist., vol. 2, 1848, p. 247. 

* Idem, vol. 4, 1854, p. 180. 

* Geok)gical action of the tidal and other currents of the ocean: Mem. Am. Acad. Arts and Sci., new ser., vol. 4, 1849. 

• Des alluvions marines et lacustres et du terrain erratique de TAm^ique du Nord: Bull. Soc. gA)l. France, 2d ser., vol. 7, 1860, pp. 623-^1; 
[On the origin of contorted strata of sand and clay]: Proc. Am. Acad. Arts and Sci., vol. 2, 1851, pp. 282-2S3. 

T Proc. Boston Soc. Nat. Hist., vol. 4, 1854, pp. 180-181. 

» On a subsidence of the land on the sea coast of New Jersey and Long Island: Am. Jour. Sci., 2d ser., vol. 24, 1857, pp. 341-354. 

• The plains of Long Island: Trans. New York State Agr. Soc., vol. 9, 1859, pp. 486-505. 
10 Dana, J. D., Manual of geology, 1863. 

u Idem, pp. 441, 442. 
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In 1867 Sanderson Smith ^ published the first description of the clays of Gardiners Island, 
together with an account of the fossils, which, with one or two exceptions, were believed to 
be of species still inhabiting the waters of the region, although as a whole they were charac- 
teristic of a more northern locality. 

Two years later Elias Lewis, jr.,' mentioned buried or submerged tree trunks and other 
evidences of subsidence, which he estimated had amounted to about 53 feet. 

J. S. Newberry* in 1871 announced the finding in the drift of cemented sand iragments 
resembling Triassic material but containing angiospermous leaves not known to exist before 
the Cretaceous. 

The geologic maps issued before 1873, including that of the New York State geologists 
in 1842, that of Edward Hitchcock and Jules Marcou in 1853, that of H. D. Rogers in 1858, 
and that of Sir W. E. Logan in 1868, but not that of William Maclure, had shown Long 
Island as Tertiary or alluvium. In 1873 C. H. Hitchcock and W. P. Blake, on a map of the 
United States prepared for the Ninth Census, showed the north shore of Long Island as Creta- 
ceous. With this mapping Dana* took issue, stating that there were ''no facts making the 
region Cretaceous.' * After receiving a letter of explanation from Hitchcock, Dana published 
another note, mentioning the source of the data supporting the map (Mather's observations) 
but expressing doubts of their value.* A reply by Hitchcock" the following year quoted 
Mather and Cook as to the equivalency of the Long Island beds with New Jersey deposits of 
known Cretaceous age. No mention was made by Hitchcock or Dana of the evidences advanced 
by Redfield or Newberry, but attention was called to them soon afterward by D. S. Martin,' 
and new evidences of angiospermous leaves were presented by Newberry ' and of the occurrence 
of Gryphsea by J. J. Stevenson.' Dana,* however, in 1875 reaflSrmed his belief that the 
Cretaceous does not extend under Long Island. 

Before the discussion of the Cretaceous ceased, Elias Lewis, jr.,' had called attention to 
the occurrence of clay bowlders up to 8 feet in diameter in the stratified sands and gravels 
at Harbor Hill, "near Brooklyn." In 1875 Dana*® published some very important observations 
showing complexities in the New England drift similar to those on Long Island. He noted 
striated bowlders under the clays and "stony beds" (apparently loose till) over the sands, the 
clays having been folded and eroded before the sands were deposited. Some of Dana's descrip- 
tions are suggestive of a still older gravel, possibly to be correlated with the Mannetto gravel 
of the present report. Unfortunately, he was content to refer most of the phenomena to 
unexplained variations in the diluvial processes accompanying and following the glacial invasion 
(which was regarded as a unit) and made little attempt to develop the history of the region. 
Submergence was advocated to explain the higher deposits. In another paper" Dana stated 
that the glacial ice probably passed over Long Island and out to the edge of deep water 80 
miles farther south. The same statement appeared in the second edition of his ''Manual of 
geology." The Sound, which was previously of less depth, was considered to have been occu- 
pied and partly eroded by large subglacial streams. Dana also believed that the land at that 
time stood at least 100 feet higher than at present. and that the temperature was so low that 
marine life did not exist until after the retreat of the ice. The year 1875 was also marked 
by the appearance of a paper by Gabriel Furman," who mentioned the occurrence of fossil 
sheUs and described the breaks in the South Beach, and of a bibliography of Long Island, by 
H. Onderdonk, jr.,^' which, however, contained few references to scientific publications. 

» Notice of a post-Tlioceno deposit on Oardiners Island, Suffolk County, N. Y.: Annals New York Lyceum Nat. Hist., vol. 8, 1867, pp. 149-151. 
« Evidences of coast depression along the shores of Long Island: Am. Naturalist, vol. 2, 1869, pp. 334-336. 
■ Proc. New York Lyceum Nat. Hist., 1st ser., 1871, pp. 149-150. 

• Dana, J. D., Geological map of the United States, compiled for the Ninth Census by C. H. Hitchcock and W. P. Blake: Am. Jour. Sci. 3d 
ser., vol. 6, 1873, pp. 64-66. 

6 [Cretaceous of Long Island]: Idem, p. 305. 

• Hitchcock, C. H., Note upon the Cretaceous strata of Long Island: Proc. Am. Assoc. Adv. Sci., vol. 22, pt. 2, 1874, pp. 131-132. 
f Proc. New York Lyceum Nat. Hist., 2d ser.. No. 4, 1874, p. 127. 

» Dana, J. D., Manual of geology, 2d ed., 1875, p. 455. 

• Bowlder-like masses of clay in the Long Island drift: Pop. Sci. Monthly, vol. 2, 1873, p. 634. 

10 On southern New England during the melting of the great glacier: Am. Jour. Sci., 3d ser., vol. 10. 1875, pp. 168-183. 

11 Absence of marine life from Long Island Sound through the glacial and part of the Champlaiu periods: Am. Jonr. Sci., 3d ser., vol. 10 1875 
pp. 280-282. 

" Antiquities of Long Island, New York, 1875, pp. 1-434. 
u Idem, pp. 435-469. 
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The next year, 1876, D. S. Martin ^ called attention to fossiliferous erratic bowlders of 
Silurian age, which he thought were drifted to the region by floating ice. In the same year a 
paper by Elias Lewis, jr.,' gave a detailed account of the drifting sands of the island, including 
the composition, weathering, structiu'e, rate of advance, destructiveness, and methods of con- 
trolling the dunes. 

In 1877 were published four more papers of interest by the same author. In the first ■ 
he described the large valleys of the south side of the island, noting the absence of streams 
competent to account for their formation, which he thought was more likely due to the action 
of subglacial streams. The lack of postglacial erosion was emphasized in this paper for the 
first time. Lewis regarded the land as having been submerged to a depth of 260 feet in glacial 
time, for stratified deposits are found up to that level. In the second paper ^ he pointed out 
the occurrence of thirty pronounced valleys between New York and Riverhead, some of which 
were said to extend across the Great South Bay to the ocean. Most of these valleys are char- 
acterized by a much steeper slope on the west or right-hand bank than on the east, and the 
general trend was said to be west of south. Deflection by the earth's rotation was suggested 
as the cause. In the third paper ^ the ridge or ''backbone" appears for the first time to be 
definitely referred to the terminal moraine. A table of altitudes was given, and the suggestion 
was made that the amount of submergence during the formation can be determined from ''the 
presence and position of modified drift upon these hills and along their slopes.'' This suggestion 
indicates that Lewis believed the moraine to be older than the drift plateau on the north or the 
sloping plains on the south. The fourth paper * was devoted to the supposed changes of level 
indicated by the deposits of stratified sands and gravel that are recognized at different levels 
by the submerged tree trunks and peat beds still to be seen, by the fossils and lignite encoun- 
tered in wells, and by the submarine channels off New York. The absence of bowlders on the 
plains south of the moraine was supposed to be due to their destruction by the advancing 
and receding shore lines. The present Montauk till member of the Manhasset formation was 
recognized as a distinct bed of "coarse glacial rubble in deep beds without fossils, * * * 
chiefly on the north side of the island." Below this were placed the gravels (Herod gravel 
member of Manhasset formation) and below the gravels the fossiliferous clays (Gardiners clay). 

The epoch was closed in 1878 by a paper by J. S. Newberry,^ which, though a popular 
review of the geology, contained the statement that Cretaceous rocks underlie a large part 
of the island but that the finding of Tertiary beds is doubtful. In view of later developments 
this statement is of significance. 

UTEKATTTBE FBOX 1878 TO 1900 (EABLY DBZFT PHASE). 

The fourth period in the literature of the island began in 1878 with the first detailed dis- 
cussion by Upham of the geology on the basis of the modem glacial theory, and continued 
until the work of differentiating the drifts was begun. Knowledge of the island in this period 
was advtoced mainly through studies of the drift by Upham and Merrill, although, la'rgely 
through the efforts of HolUck, there was a steady accumulation of paleontologic evidence as to 
the distribution of the Cretaceous along the north shore. The folding of the clays of the island 
and the formation of the submarine valley off New York also received a share of attention by 
Merrill and Lindenkohl, and the efficiency of subglacial streams as supplying many of the 
deposits and developing most of the existing topography of the island was advocated at short 
intervals throughout a large part of the period by Bryson. 

Upham's first discussion • was devoted to a consideration of the moraines, which he described, 
giving their heights. He predicted that their continuation would be found crossing New Jersey, 

1 On the occurrence of Silurian fossils in the drift of Long Island: Am. Naturalist, vol. 10, 1876, p. 191. 

> The formation of sand dunes: Pop. Sci. Monthly, vol. 8, 1876, pp. 337-363. 

* On wateroouises upon Long Island: Am. Jour. Sci., 3d ser., vol. 13, 1877, pp. 142-146. 

4 Certain features of the vaHeys or watercourses of southern Long Island: Idem, pp. 216-216. 

c Heights of Long Island: Idem, pp. 235-236. 

■ rps and downs of the Long Island coast: Pop. Sci. Monthly, voL 10, 1877, pp. 434-446. 

V Tho geobgical history of New York island and harbor: Pop. Sd. Monthly, vol. 13, 1878, pp. 641-460. 

I Upham, Wairen, Geology of New Hampshire, vol. 3, pt. 3, 1878, pp. 300-306. 
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Pennsylvania, and Ohio, and diflFerentiated the inner and outer moraines. In a second paper,* 
appearing the following year, Upham carefully and in the main accurately described the 
moraines, gave elevations, and discussed their composition. He mentioned the prevalence of 
till west of Roslyn and its absence to the east, and described the Shinnecock Hills as composed 
of gravel.' He recognized two tills throughout Long Island and New England, the lower being 
composed of thick, clayey, compact bluish material and the upper of thin, loose, oxidized mate- 
rial. The stratified character of the drift now known as Montauk was noted. Upham regarded 
the Wheatley Hills as composed of till and thought the Mannetto and Half Hollow hills to 
have been deposited like kames or in ice-walled channels. Later there was a local advance of 
the ice sheet, accompanied by the deposition of drift over these elevations. In this paper the 
outwash character of the plains was recognized for the first time, the preglacial age of the clays 
near Bethpage was announced, and the folding and beveling of the clays on Gardiners Island 
were described. The change of the sands lying imconformably upon the clays to bowlder 
drift and vice versa was noted, and the deposits were correlated with those at Montauk, 
Bethpage, and Gay Head. L^pham referred the Smithtown drainage system to erosion and 
described the numerous ponds that occupy old drainage channels. 

In the following year, 1880, appeared still another paper by Upham, in which he described 
the extension of the ** lower" (Montauk tUl member of Manhasset formation) and "upper" 
(Wisconsin) till over New England,^ stating that the ** lower" till is from 2 to 50 feet thick and 
forms the drumlins, and that the "upper" till usually occurs as a very uniform mantle 5 feet 
or so in thickness. In this paper Upham discussed the moraines of Long Island but made little 
addition to the data published in his preceding papers. 

In 1883 X. L. Britton * gave an account of further discoveries of sandstone fragments con- 
taining Cretaceous fossils and predicted that correlation with the Cretaceous sandstones of 
New Jersey would be established. In the same year appeared the first of a long series of papers 
by John Bryson, a local geologist.* In this and the following papers Bryson recorded his 
conviction that there had been no change of level of the island since the ice age, and that the 
deposits are the work of subglacial streams which built up the island as a barrier across the 
courses of the Connecticut and other rivers that had previously flowed southward to the ocean. 
The fossils are assumed to have been washed up by the currents. The subglacial waters were 
thought to have been finally diverted toward the west, cutting the East River channel. The 
year 1883 was also marked by the publication of T. C. (^amberlin's paper on the terminal 
moraine • with which the moraines of Long Island are correlated. Chamberlin showed two 
moraines in the eastern part of the island, but made the northern one end abruptly not far 
from Port Jefferson instead of connecting with the other. His descriptions appear to be based 
entirely on the work of Upham, although in speaking of the southern plains he says: "These 
plains are undoubtedly due to glacial waters escaping over the moraine during its formation." ^ 

In 1884 G. K. Gilbert^ discussed quantitatively the effects of the earth's rotation on the 
deflection of streams, mentioning the steep right banks of the southward-flowing streams of 
Long Island. He pointed out that the conditions in rapidly deepening channels and in adjusted 
alluvial fans were not favorable to the action of this force. In 1885 A. Lindenkohl* described 
the deep submarine channel cut m blue clay for a distance of 100 mUes from New York Bay, 
the presence of a bar of sand across it 75 mUes from Sandy Hook, and the very deep ravine at 
the edge of the continental platform. He noted the fact that the channel is in line with the 
continuation of the moraine in New Jei^sey and suggested that the chamiel marks the position 
of the old ice front. 



» Upham, Warren, Terminal moraines of the North American ice sheet: Am. Jour. Sci.. 3d sot., vol. 1**, 1S79, pp. 81-92, 197-209. 
» Cf. Dwight, Timothy, TravpU in New England and New York, vol. 3, 1822, pp. 283-336. 

* The .succession of glacial deposits in New Kngland: Proc. Am. Assoc. Adv. Sci., vol. 28, 1880, pp. 2<H^-310. 

* Science, vol. 3, 18^, p. 25. 

* The glacial phenomena of North .\merica as studied on Long Island. New York: Geol. Mag., new ser., vol. 10, 1883, pp. 169-171. 

» Preliminary paper on the terminal moraine of the second glacial epoch: Third -\.nn. liept. V. S. (Jeol. SurA-ey, 1883, pp. 291-408. 
*'Tdftm,p.378. 

* The suff 3iency of terrestrial rotation for the deflection of streams: Am. Jour. Sci., 3d ser., vol. 27, 1884, pp. 427-432. 
» Geology of the sea bottom in the approaches to New York Bay: Am. Jour. Sci., 3d ser., vol. 29, 1885, pp. 475-480. 
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The year 1886 was an active one in Long Island geology. N. L. Britton described the 
finding of fossil leaves, supposedly from the ** Middle Cretaceous," in the clays at Glen Cove, 
and J. S. Newberry noted their occurrence at Glen Cove and Lloyd Neck.* 

The principal contributions of the year were made by F. J, H. Menill, who published a 
detailed paper on the geology of the island.^ In this paper, which was based on a five weeks' 
study of the region, he divided the deposits into clays, gravels, and till. Of the greater part of 
the clays he said: ^*From their character and position we may surmise that the brown and red 
plastic clays of Huntington, Gardiners Island, and elsewhere belong to the age in question 
[Tertiary],'' although he noted the impossibihty, in the absence of any imconformity, of deter- 
mining where the Tertiary stops and the Pleistocene begins. He recognized, however, the simi- 
larity of the clays at Glen Cove to the Cretaceous of New Jersey, although he said: '^If the Cre- 
taceous formation extends under the whole of Long Island it must occur at a very great depth, 
since deep sections at points east of Glen Cove do not record its presence." The gravels imder- 
lying the till were said to be *^eqiuvalent to and indeed identical with the yellow drift or pre- 
glacial drift of New Jersey." A belief in the superimposition of the moraine on the gravels 
is possibly indicated by Merrill's statements that till is not more than a few feet thick even 
where the land is high. In describing Montauk Point he mentioned a great thickness of '' bowl- 
der clay and hardpan of considerable depth covered by a shallow layer of till," apparently 
recognizing the existence of two till-like drifts. He regarded the shoving action of the ice 
as accoimting for the elevation of the fossiliferous beds, for the lifting that formed the *' back- 
bone," and for the folding of the clays of the north shore and even of those south of the 
moraine, as at West Deer Park. The deep valleys of the north coast he explained as ^'plowed 
out by projecting spurs of ice." In regard to the amount of postglacial erosion Merrill differed 
from nearly every other writer on the subject, assuming it to be very extensive. 

In a second paper' Merrill discussed at greater length the folding produced by the ice, 
reiterated many of the conclusions outlined above, and assigned an age much greater than that 
of the **Champlain" to the stratified fossiliferous deposits. 

In 1888 W J McGee,* in discussing the Columbia group, noted the occurrence of '^subestua- 
rine terraces" up to 250 feet above the sea and in interfluvial regions up to 400 feet. He recog- 
nized the fact that their age is greater than that of the moraines and suggested their corre- 
lation with the extra morainal drift and the gravel deposits of Long Island. The erosion 
interval between their deposition and that of the later drift was regarded by McGee as of great 
length. The southward deflection of the rivers of the Coastal Plain he supposed to have taken 
place in Columbia time. 

In the same year John Bryson * gave a partial record of a well at Woodhaven, near Jamaica 
Bay. Although noting the presence of lignite he referred all the materials to a glacial origin. 
This well was further discussed with full records in subsequent papers by Bryson * and Ijcwis.'' 
Bryson considered the glacial materials to extend to 298 feet; Lewis to 213 feet. No greensand 
was found. The groat depth assigned to the glacial deposits is of interest in connection with 
the assumption of W. O. Crosby and others as to the Tertiary age of the gravels. 

In 1890 J. D. Dana * described the channels in Long Island Sound, ascribing them to the 
action of a Sound river, which passed through what is now the North Fluke, near Mattituck, 
into Peconic Bay, and thence eastward to the ocean. Other streams passeil out of the Sound 
at its east end. The harbors of the north shore were ascribed to the action of subglacial streams. 
The presence of Cretaceous deposits had up to that time been disputed, but Dana admitted that 
they occurred in the foundations of the higher parts of the islan<l and on the north shore. He 

1 Fossil leaves In Staten Island and Long Island clay l)eds: Am. Jour. Sci., 3d ser., vol. 31, 1886, p. 403. 

> On the geology of Long Island: Annals New York Acad. Sci., vol. 3, 18S6, pp. 341-364. 

« Some dynamic effects of the ice sheet: Proc. Am. Assoc. Adv. Sci., vol. 35, 1M6, pp. 228-229. 

« Three formations of the middle Atlantic slope: Am. Jour. Sci., 3d ser., vol. 35, 1888, pp. 367-388, 448-46C. 

• Am. Geologist, vol. 2, 1888, pp. 136-137. 

• Bryson, John, Artesian well, Woodhaven, Long Island, New York: Am. Geologist, vol. 3, 1889, pp. 214-215. 

» Lewis, EUas, Jr., Woodham [Woodhaven] artesian well on Long Island: Am. Jour. Sci., 3d ser., vol. 37, 1889, p. 233. 

« Long Island Sound in the Quaternary era, with observations on the submarine Hudson River channel: Am. Jour. Sci., 3d aer., vol. 40, 1890, 
pp. 425-437. 
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referred to the ''Champlain stage'' the bed of bowlder clay (Montauk till member of ManhasMtr 
formation), 10 to 150 feet thick, beneath the gravel. The channel oflF New York Harbor was 
thought to have been cut in ''Jura-Trias" time (the Cretaceous and Tertiary being, according 
to Dana, absent in its vicinity), possibly during an uplift accompanying a semiglacial epoch 
which he thought may have marked the close of the era. He quoted a letter from E. Lewis, jr., 
who presented evidences of well records showing that the Cretaceous clays, especially those at 
Deer Park and Bethpage, extend but short distances beyond their surface exposures.* David 
White * mentioned the occurrence at Glen Cove of plant remains similar to those of the Creta- 
ceous of Marthas Vineyard and correlated them with the flora of the clays of Amboy, N. J. J. S. 
Newberry ' agreed with White as to the correlations and stated that he had traced the clays 
from New Jersey to Glen Cove and believed them to extend the whole length of the island. 

In 1891 A. Lindenkohl,* in a second contribution on the channel off Now York, referred the 
erosion to glacial time and noted a subsequent subsidence of 210 feet. C. A. White,* in a review 
of published literature, recognized the presence of nonmarine Cretaceous deposits but was inclined 
to doubt the evidence of marine shells. F. J. H. Merrill,* in a paper on the Hudson Valley, 
ascribed the submarine channel to fluviatile rather than marine scour, suggested a ^' post-Cham- 
plain" submergence of 100 feet in New York, noted the occurrence of low terraces on Staten 
Island and the mainland, and correlated the plains of the south side of Long Island with the 
terrace of Hudson River, expressing his belief that a sloping plain could be cut on a rising or 
sinking coast without the formation of beaches. 

In 1892 W. H. Dall and G. D. Harris ^ expressed the opinion, derived from a review of 
published literature, that Cretaceous and probably Tertiary formations are present on Long 
Island, 

In 1898 McGee's geologic map of the United States * gave the northern half of the island as 
Cretaceous. Bryson • published three papers, all in favor of 'the subglacial theory. In the first 
he argued for the subglacial rather than submarine origin of the channels of the plains, as 
Shaler had postulated for Marthas Vineyard. In the second he placed the ice limit south of the 
island rather than at the moraines and correlated the Olympia mbimds of Washington with the 
Easthampton dunes, referring both to subglacial action. In the third he considered the Shinne- 
cock Hills to be of kame origin and Peconic Bay to be due to the action of subglacial streams. 
Heinrich Ries *® followed Merrill in referring a large part of the clays of Long Island to the 
Tertiary period, but accepted the Cretaceous age of those at Elm Point, Glen Cove, Mosquito 
Inlet, Glenwood, and Northport. Ries pointed out the similarity of the clays of West Neck 
and Center Island to those of Fishers Island and recognized their folded condition and position 
beneath sand, which in turn is overlain by till. He recorded stems and leaves from the clays 
of East Williston. 

The year 1893 was also marked by the appearance of the first contributions by Arthur HoUick 
on the Cretaceous formation of the island. In the first of these papers " he argues, from the 
evidence of the flora, for a former land connection with the New England islands and the main- 
land. Long Island Sound he ascribed to ice erosion, the moraines to ice shove, and East River 
and its channels to overflow from glacial streams behind the moraine, assisted by tidal scour. 
The moraine was beUeved to have been cut through in the ''Champlain'' period of submergence 

1 Am. Jour. Sci., 3d sor., vol. 40, 1890, p. 430. 

« On Cretaceous plants from Marthas Vineyard: Am. Jour. Soi., 3d ser., vol, 39, 1H90, pp. 93-101. 

'Bull. Geol. Sec. America, vol. 1, 1890, p. 555. 

• Notes on the submarine channel of the Iludson River and other evidences of postglacial suUsidence of the middle Atlantic coast region: Am. 
Joar. Sci., 3d ser., vol. 41, 1891, pp. 489-499. 

• Correlation papers, Cretaceous: Bull. U. S. (Jool. Survey No. 82, 1891, pp. 84-8(5. 

• On the postglacial history of the lludscm liiver valley: Am. Jour. Sci., 3d ser., vol. 41, 1891, pp. 4»X)-4<V>. 
» Correlation papers, Neocene: Bull. U. S. Geol. Suney No. 84, 1892, pp. 38-39. 

■Fourteenth Ann. Kept. U. S. Geol. Survey, pt. 2, 1894, PI. II. 

• Bryson, John, The glacial geology of Marthas Vineyard compared with that of Long Island: Am. Geologist, vol. 11, 1893, pp. 210-212; The drift 
mounds of Olympia and Long Island: Idem, vol. 12, 1893, pp. 127-129; Origin of Peconic Bay and Shinnecock IlilLs Long Island: Idem, vol. 12, 
1893, pp. 402-403. 

w Notes on the clays of New York State and their economic value: Trans. Ne^ York Acad. Sci., vol. 12, 1893, pp. 40 47. 

" Plant distribution as a factor in the interpretation of geological phenomena, with«pecial reference to Long Island and vicinity: Trans. New 
York Acad. Sci., vol. 12, 1893, pp. 189-202. 
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and the detached islands to have been thus formed. In the second paper ^ HoUick gave a sum- 
mary of the previous writings on the island and a list of Cretaceous fossils. In the third and 
fourth papers ' he recorded the finding of a palmlike fossil and described the plant. He quoted 
L. F. Ward as stating that the fragment is a WilUamsonia and not a palm. 

In 1894 four more papers by Hollick appeared. In the first ' he described the distribution 
of fossiliferous ferruginous sandstone in the drift mainly west of Port JeflFerson, and of the silici- 
fied Paleozoic fossils west of Lloyd Neck. These fossils occur mainly in the drift of the outer 
moraine, having been picked up by the ice at its first advance. The thick gravels were appar- 
ently considered by Hollick as the equivalent of the "yellow gravel" of New Jersey. In the 
second and third papers * he reported further discoveries of Cretaceous flora at Eaton, Lloyd, 
and Oak necks. Glen Cove, and Seacliflf. In the fourth paper * he described the occurrence of 
pebbles containing Paleozoic fossils as far east as Eaton Neck, and on this evidence correlated 
the gravels (Manhasset formation) with the "yellow gravel" of New Jersey, notwithstandhig 
their granitic character. He did not clearly indicate the age of the fossils but seems to have 
regarded them as pre-Pleistocene. In 1894 also the finding of Cretaceous leaves in water-worn 
sandstone fragments was recorded by C. L. Pollard,® and the occurrence of microscopic organisms 
of supposed Tertiary age in the clays at a large number of localities was reported by Heinrich 
Ries.*^ It is interesting to note that all these forms were found in beds which later work has 
shown to be Cretaceous, and none in what are now known to be Pleistocene clays, either on Long 
Island or on Fishers Island, although these clays were then thought by Ries to be Tertiary. A 
second paper by Ries * describes the discovery of Cretaceous fossils at Little Neck, in Northport, 
making it necessary to place the boundary farther south than had previously been done. In the 
meantime W J McGee," who had investigated the unconformities of the Coastal Plain, reached 
the conclusion that although there had been erosion, amounting to 200 or 300 feet, since the 
Lafayette epoch, only about a foot had occurred since the Columbia. The Lafayette was 
regarded as marine and as separated from the overlying Columbia by the greatest unconformity 
of Neocene and Quaternary time. N. S. Shaler ^® gave considerable attention during the same 
year to the cause of the folding in the clays and associated beds of the New York and New 
England islands. He thought these folds to be similar to those of the Richmond Basin and to 
be due to dovmfolding and the production of a trough in the underlying crystalline rocks, with 
the resulting synclinorial structure in the softer beds — ^In fact as a part of the disturbance 
marked in the Coastal Plain farther south by faulting which has been going on since the move- 
ment in the Appalachians ceased. Shaler further stated that the folding can not be due to ice, 
for the folds were eroded before the Wisconsin ice advance. The earlier ice invasions were not 
then recognized by Shaler. Ries," in discussing the same phenomena on Fishers Island, referred 
them to ice shove. 

In 1895 A. M. Edwards" noted the finding of supposed fresh-water and marine Bacillariacese 
of Miocene age in clays near Rockaway. The deposits are now known to be Pleistocene or 
Recent, instead of Tertiary, as assumed by Edwards. Arthur Holhck," in a paper on the folding 

1 Preliminary contribution to our knowledge of the Cretaceous formation on Long Island and eastward: Trans. New York Acad. Scl., vol. 12, 
1893, pp. 222>231. 

s A new fossil palm from the Cretaceous formation at Glen Cove, Long Island: Bull. Toirey Bot. Club, vol. 20, 1S93, pp. 168-169; Some further 
notes upon Strenoptit kfmpiL Idem, pp. 334-335. 

* Some further notes on the geology of the north shore of Long Island: Trans. New York Acad. Sci., vol. 13, 1884, pp. 12^130. 

* Additions to the paleobotany of the Cretaceous formation of Long Island: Bull. Torrey Bot. Club, vol. 21, 1894, pp. 4^-65; Recent investiga- 
tions in the Cretaceous formation on Long Island, New York: Proc. Am. Assoc. Adv. Sci., vol. 42, 1894, p. 175. 

* Notes on the northward extension of the yellow gravel in New Jersey, Staten Island, Ix>ng Island, and eastward: Proc. Am. Assoc. Adv. 
Sci., vol. 42, 1894, pp. 175-176. 

* Trans. New York Acad. Sci., vol. 13, 1894, pp. 180-181. 

T Hicraacopic organisms in the clays of New YcM-k State: Idem, pp. 165-169. 

> On the occurrence of Cretaceous clays at Northport, Long Island: School of Mines Quart, vol. 15, 1894, pp. 354-355. 

* Oraphic comparison of postO>lumbia and post-Lafayette erosion: Am. Geologist, vol. 12, 1894, p. 180. 

1* Tertiary dislocations of the Atlantic coast of the United States: Am. Geologist, vol. 13, 1894, pp. 143-144; Notes on the Pleistocene distortions 
of the Atlantic coast of the United States: Am. Jour. Sci., 3d ser., vol. 47, 1894, p. 138; Pleistocene distortions of the Atlantic seaooast: Bull. GeoL 
Soc. America, vol. 5, 1894, pp. 199-202. 

u Trans. New York Acad. Sci., vol. 14, 1895, p. 20. 

IS The oocnrrenoe of Tertiary clay on Long Island, New York: Am. Jour. Sci., 3d ser., vol. 50, 1805, p. 270. 

1' Dislocations in certain portions of the Atlantic Coastal Plain strata and their probable causes: Trans. New York Acad. Scl., vol. 14, 1895, 
pp. fr-20. 
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of the djiTs and aasocinted beds, noted that the disturbance is limited to the region oovered by 
iee and is essentially superficiaL He could see no evidence of pr^lacial topography. The 
'''yelkiw graver' (llanhasset fonnation) he regarded as the equivalent of the Lafayette. Hein- 
rich Ries ' referred a large number of the clay outcrops to the Tertiary, noting especially the 
similarity of the clays of Center Island. West Neck, and Fishers Island, which are ''probably of 
the same age, possibly Tertiary." He recognized, however, the CYetaceous age of most of the 
days of the north shore west of Xorthport. L. F. Ward,' in discussing the New Jersey equiva- 
lents of the Cretaceous of Long Island in the same year, referred them to the Lower Cretaceous. 
J. S. Xewberry.* in writing on the clays of Amboy, X. J., correlated the clays of Long Island 
with the basal Cretaceous as developed in New Jersey. 

In 1896 N. H. Darton * published a geolc^c section across the west end of the island and 
gave a number of well records. A. M. fldwards,^ in a second paper on the Diatomaoeae, de- 
scribed the finding of 70 species near Far Rockaway in clays supposed then to be of Neocene 
age but shown by late work to be unquestionably Pleistocene or Recent. Arthur HolUck pub- 
lished two papers during the year. The first * contained an account of the finding of lithologic 
evidences of mari on the north shore near Oyster Bay, of Cretaceous mollu^LS in greensand 
fragments in the drift at East New York, and of ferruginous concretions with moUusks in the 
deposits at Montauk. The second paper ' presents the additional suggestion that the clays of 
Little Neck near Northport have been pushed southward in a mass, as they should be north 
instead of south of the marl, fragments of which were found at Center Island. There seems to 
be some likelihood of error in such conclusions because of the assumption that fragments of 
ferruginous sandstone are weathered masses of marly deposits. W J McGee,* in another paper 
on the erosion epochs, placed the great erosion following the deposition of the Lafayette in the 
'^Ozarkian'' and assigned it to late Neocene time. He also recc^nized two interglacial periods 
of atision. L. F. Ward * reintroduced the term '' Island series/' originaUy proposed by Mather, 
for the Cretaceous deposits of Long Island and correlated them on the evidence of the flora 
with the clajTS of Raritan and Amboy, N. J. O. C. Marsh '* in the same year made the some- 
what startling announcement, based on the Jurassic aspect of certain fossils found in Maryland, 
that all the deposits hitherto regarded as Cretaceous should be referred to the Jurassic. 

In 1897 John Bryson " noted erratics on the **kame moraine" near East Williston, the 
first recognition of the outer moraine at this point. L. F. Ward *' pointed out that the clays 
of Amboy, N. J., ii^ith which the clays of Long Island had been correlated, were distinctly 
younger than the Potomac of Maryland and Virginia. Lewis Woolman *' published a number 
of records of wells near the west end of the island. 

In 1898 John Bryson ** described some contorted drift with interbedded till [Montauk f] in 
Brooklyn. Arthur HoUick ** assigned the clays of ^Vmboy, on the evidence of their flora, to the 
*' Middle Cretaceous," though not denying that the older Potomac might be Jurassic. In 
another paper *• HoUick gave additional notes on the occurrence of lumps of Cretaceous clay, 
some of them with fossils, in the drift, and on the finding of marl concretions on Montauk. 
Warren L'pham *' described the submarine channel off New York, postulating an upUft to 3,000 
feet at the end of the Tertiary period. He regarded the fossils of Gardiners Island as preglacial. 

> Clay industries of New York: Bull. New York State Mus. Nat. Hist. No. 12. l^s*5. 

» The Potomac formation: Fifteenth Ann. Rept. V. S. OeoL Survey, 1<*^, pp. :M5-34^. 

« The fl^ra of the AmJ«oy clays: Mon. l'. S. ^ieol. Sursey, vol. 2fi. I**ft5. 

« Art«>ian-wpll pro-p«Tts in th»; Atlantic Coastal Plain region: Bull. V. S. Gool. Sur\ey No. 13*». lS9rt. 

• On the occurrenor* of S*KJCt'nn marine; Piatomaoeap near New York: .\m- Naturalist, vol. 30. 1>5W, pp. 212-21fi, 

• Geological not^-f. Long I.<lan'l and Nantucki-t: Tran*. New York .Vcad. Sci., vol. 15, l<»'i, pp. 3-10. 
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GEOLOGIC LITEBATURB. 15 

He recognized an early ice advance, producing the folding, as occurring before the advance tliat 
produced the moraines, and he suggested that the Kansan, Illinoian, lowan, and early 
Wisconsin stages of glaciation in the Mississippi Valley may have taken place between the < 
folding and the formation of moraines. The topography of the plateau and its deep valleys 
Upham thought to be due to the deposition of gravel around ice blocks. He pointed out the 
thinness of till near the limits of glaciation. 

In 1900 W. O. Crosby ^ stated the principal formations of the island to be (1) crystalline, 
(2) Cretaceous, (3) Neocene Tertiary, and (4) terminal moraine. The surface gravels both 
north and south of the moraine, although granitic in character, he correlated with the "yellow 
gravels" of New Jersey and regarded as Lafayette. The ''blue clay,*' which was supposed to 
form a uniform floor beneath the gravels, he referred to the Chesapeake. The gray gravels, 
notwithstanding their high percentage of granitic material, he likewise included in the Tertiary. 
These three formations are probably to be correlated with the Manhasset, Gardiners, and Jameco 
formations of the present report. Crosby supposed the Cretaceous to be confined to the north- 
em part of each neck of the north shore and the Tertiary to be farther south on the same necks 
but going under the surface near the head of each bay or harbor. The exposures at East Willis- 
ton, Bethpage, and West Deer Park he regarded as Tertiary and supposed to have been brought 
up by the pressure and thrust of the ice sheet. He considered the north-shore scarp to have 
been worn back by lateral tributaries of Connecticut and Housatonic rivers during an uplift of 
3,000 feet preceding the ice advance. 

In the same year F. J. H. MerriU ' postulated an origin for the white Cretaceous clays of 
Long Island from the decomposition of the Lower Silurian [Ordovician] limestone and argued 
for the origin of Long Island Sound and East and North rivers through the solution of such 
rocks. Heinrich Ries ' pubUshed an account of the clays, which, however, was essentially the 
same as an earUer paper. 

LITEBATT7BE FROM 1901 TO 1908 (LATER DBIFT PHASE). 

Previous to 1901 no systematic studies of the island as a whole or of any considerable part 
of it had been attempted, with the exception of Mather's investigations from 1837 to 1843, 
although the detailed reconnaijssances of Upham and .Merrill approached such studies in 
character. In the period beginning with 1901, however, a number of reports have appeared 
that have been based on detailed and systematic field observations covering not only the 
surface deposits but also the underground geology as worked out from the records of many 
hundreds of wells and borings. The attempt has been made, moreover, to approach the problem 
from the standpoint of the student of geologic history and to apply knowledge of the drift 
succession in other parts of the coimtry to the differentiation of the deposits of Long Island. 

The first publication of the period was the geologic map of Long Island,* based on field 
work by J. B. Woodworth and J. E. Woodman and issued by the Greological Survey of New 
York. On this map the moraines were mapped in detail, and the fact that the later moraine 
crosses the older one near Lake Success was pointed out for the first time. The Westbury, 
West (Mannetto), and Half Hollow hills, which later work has shown to be much older, were 
shown as moraines, and the gravels of the ridge at Rockaway, now known to be Pleistocene, 
were referred to the Tertiary. In the same year J. B. Woodworth * published the results of a 
careful study of the Oyster Bay and Hempstead areas. He mapped the outcrops of Cretaceous 
rocks and clearly pointed out the Pleistocene nature of the thick gravels of the north shore 
(Manhasset formation) and the included bowlder bed (Montauk till member of Manhasset) . 
In the region north of the moraine these gravels were also carefully mapped and their probable 
extension southward was indicated. Woodworth recorded the presence of underlying blackish 

or bluish clays, but considered that they are "not certainly of glacial origin and perhaps to be 
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* Clays of New York: Bull. New York State Mus. No. 35, 1900. 

* Geologic map of New York, 1901, Long Island and Lower Hudson sheets. 
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regarded as of Tertiary or older age. '' He admitted that the altitude of much of the Cretaceous 
material is due to ice shove but recognized a strong erosion imconformity between the Cre- 
taceous and the Pleistocene. The bowlder bed in the Manhasset formation was recognized at 
many points and its change laterally from till-like to stratified materials noted. He described in 
detail the great erosion period following the early Pleistocene deposition but preceding the deposi- 
tion of the last drift, which had not been recognized by Crosby and had been explicitly denied 
by Hollick. The deposition of the high gravels at Harbor Hill, Woodworth ascribed to subglacial 
streams. He discussed the straight face of the moraine west of Jamaica but reached no definite 
conclusion as to its origin. He su^ested that the Jamaica Bay depression is an original con- 
structional feature of deposition and that the Rockaway ridge is a renmant of the Tertiary. 
The moraine he distinctly recognized as superimposed on the Manhasset, representing simply 
a local thickening of the till sheet. The geologic history as outlined by Woodworth is as follows: 
(1) Erosion of the Cretaceous, (2) deposition of earlier Columbia deposits (Herod gravel member 
of Manhasset formation), (3) advance of the ice and deposition of the bowlder bed (Montauk 
till member of Manhasset), (4) completion of the deposition of the Columbia (Hempstead gravel 
member of Manhasset), (5) long period of erosion, (6) invasion by latest ice sheet (Wisconsin), 
and (7) retreatal deposition in glacial lakes. While many of the points brought out were not 
new, this paper was in many ways the most important that had yet appeared, as Woodworth 
did not stop with general statements but systematically described and discussed the various 
deposits and differentiated them for the first time on a map. 

A paper by G. B. Shattuck ' presented the following sunmaary of the later Coastal Plain 
history: (1) Subsidence and deposition of the Lafayette, (2) elevation and erosion of the 
Lafayette, (3) subsidence and deposition of the Sunderland, (4) elevation and erosion of the 
Sunderland, (5) subsidence and deposition of the Wicomico, (6) elevation and erosion of the 
Wicomico, (7) subsidence and deposition of the Talbot, (8) elevation and erosion of the Talbot, 
and (9) subsidence and deposition of the Recent deposits. Shattuck stated that because of the 
difference in method of classification exact correlation with the New Jersey deposits could not 
be made, and he presented a table in which he su^ested the correlation of the Simderianjd with 
parts of Cape May, Pensauken, and Bridgeton; of the Wicomico also with parts of the Cape 
May, Pensauken, and Bridgeton; and of the Talbot with parts of the Cape May and Pensauken. 

In the following year, 1902, appeared the New York folio,' in which that part of Long 
Island lying west of the area treated by Woodworth was fully described. In this folio an early 
Pleistocene elevation, during which the submarine channel was excavated and the channels 
of the East River were cut by a tributary stream, was assumed,' and the possibility of earlier 
glaciers similar to the last was suggested.* The possibility of old Pleistocene gravels correlat- 
able with the Pensauken of New Jersey occurring beneath the late till of Staten Island was 
pointed out,* but no mention of their occurrence on Long Island was made. At least two ice 
advances were considered to have occurred in the region. The superimposition of the relatively 
thin moraine on older deposits was likewise recognized. The steepness of its face west of 
Jamaica was not attributed to marine erosion. The plains of the south side of the island were 
described, and the fact that their topography is not that of normal outwash plains was pointed 
out. The Rockaway ridge was attributed to marine action in late glacial or postglacial tioae, when 
the land was somewhat depressed. Although at least two glacial invasions in the r^on were 
admitted and the occurrence of stratified gravels below the Wisconsin till was noted, the existence 
of any extensive deposits of an earlier stage does not appear to have been recognized, the 
materials beneath the till apparently being referred to an earlier deposit of the same stage 
instead of to a distinct deposition separated from the last ice invasion by a long period of erosion, 
as postulated by Woodworth in the adjoining area on the east. 

» The Pleistocene problem of the north Atlantic Coastal Plain: Circ. Johns Hopkins Univ. No. 152, 1901 ; Am. Geologist, vol. 28, 1901, pp. 87-107. 
« Merrill, F. J. H., and others, New York City foUo (No. 83), Geol. Atlas U. S., U. S. Oeol. Survey, 1902. 
» Willis, Bailey, and Dodge, R. E., Physiographic features of the district: Idem, pp. 17-18. 
4 Willis, Bailey, Outline of geologic history: Idem, pp. 2-3. 
B Salisbury, R. D., Pleistocene formations: Idem, pp. U-17. 
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G. B. Shattuck ^ published a second paper during the year reiterating the Coastal Plain 
subdivisions proposed in 1901. 

In 1903 the present writer, assisted by A. C. Veatch and others, began a detailed study of 
the geology and water resources of the island. In a preliminary notice by Veatch,* who devoted 
himself largely to collecting well records and studying underground geology, the "uniform blue 
clay floor'' of supposed Chesapeake age, which had been postulated by Crosby and others, was 
shown to be absent, and the presence of a deep buried valley across the island west of Jameco 
was pointed out. In this notice tho present writer was credited. with the discovery in the 
Wheatley Ilills of hitherto unrecognized gravel deposits [Mannetto] older than the Manliasset 
formation and with the recognition of terraces of the Manhasset south of the moraine near 
Bethpage. A detailed section at the top of the hill west of Mellville was given, showing a con- 
siderable thickness of quartz gravels containing a few weathered granitic pebbles and underlain 
by sands, clays, '^arkose,'' etc., of pre-Pleistocene age. The dip of the Cretaceous was deter- 
mined for the first time, well borings showing it to be about 65 feet to the mile in the direction 
S. 23^ E. 

* In another paper ^ Fuller and Veatch called attention to the extension of the Cretaceous 
to the Bethpage and Wyandance localities and to the discovery of greensand in the Millvillc 
section. The absence of Tertiary deposits was noted, the older gravels having been determined 
to be early Pleistocene. The supposed Chesapeake clays were separated into a number of 
formations, all of Pleistocene age. Gravels of glacial origin and of supposed Kansan age were 
noted beneath the early Pleistocene clay in the buried valley west of Jamaica. The occiu*- 
rence of graveb of the Manhasset formation was recognized as far east as Montauk Point and 
their age was given as probably lowan. The thinness of the outwash is emphasized for the first 
time. Later the present writer * discussed two of the pre- Wisconsin deposits in more detail. 
The older, deeply weathered gravels of the Westbury or Wheatley Hills and the West or Man- 
netto Hills were correlated with the Pensauken formation of New Jersey and assigned provision- 
ally to water deposition during a pre-Kansan stage of glaciation, and their correlation with 
McGee's high-level Columbia of New Jersey and farther south and with the deposits of the 
Monongahela and AUeghany terraces was suggested. The discovery of a glacially derived gravel 
[Jameco] resting unconformably on the old weathered gravel [Mannetto] and of an extensive 
bed of Pleistocene clay [Gardiners] directly abovle it and the recognition of an epoch of folding 
by ice thrust were credited to Veatch, who assigned the glacial gravel to the Kansan, the clay 
to the Yarmouth, aixd the folding to the Illinoian stage. On the basis of these discoveries the 
unfolded Manhasset was referred to the lowan. Veatch,* in a paper published a few weeks 
later, described the clays and old gravels of Gardiners Island, their contained fossils, and their 
folding and erosion. He gave the following succession for Long Island: (1) Pensauken gravel 
[Mannetto], glacial; (2) Jameco gravel, glacial; (3) Sankaty clay [Gardiners], interglacial; (4) 
Manhasset, glacial; (5) Wisconsin, glacial. The correlations with the various glacial stages are 
the same as in the preceding paper. 

Four other papers relating to Long Island appeared during the year. E. P. Buffet • dis- 
cussed the topography, bowlders, and beaches from the standpoint of the geographer. Arthur 
Hollick ' gave a list of paleontologic accessions from Glen Cove. Ileinrich Hies * referred the 
clays of Staten, Long, and Fishers islands to the Cretaceous, no Pleistocene clays on I^ng Island 
being mentioned. J. W. Spencer " described the submarine channel off New York, stating that 
its continuation may bo inferred to a depth of 8,500 feet below the *' cul-de-sac'* of lindenkohl. 

1 The Pleistocene problem in Maryland: Science, new ser., vol. 15, 1002, pp. 006-907. 
« Notes on the geoto^y of Long Island: Science, new ser., vol. 18, 1903, pp. 213-214. 

* Results of the resurvey of Long Island: Science, new ser., vol. 18, 1903, pp. 729-731. 

< Probable pre-Kansan and lowan deposits of Long Island: Am. Geologist, vol. 32, 1903, pp. 308-312. 

• The diversity of the glacial period on Long Island: Jour. Geology, vol. 11, 1903, pp. 702-776. 

•Some glacial conditions and recent changes on Long Island : Jour. Geography, vol. 2, 1908, pp. 95-101. 

» Field work during 1901 in the Cretaceous beds of Long Island: Fifty-fifth Ann. Rept. New York State Mus., 1903, pp. r 48-r 51. 
•Clays of the United States east of the Mississippi River: Prof. Paper U. S. Geol. Survey No. 11, 1903, pp. 173-175. 
•Submarine valle>'s off the American coast and in the North Atlantic: Bull. Geol. Soc. America, vol. 14, 1903, p. 214. 
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The cutting he thought to be mainly post-Miocene, although it may have b^im earlier, being 
completed in post-Lafayette but pre-Columbia time. The Connecticut he regarded as flowing 
eastward, stating that there is no evidence of a channel across Long Island. 

The year 1904 was characterized by a marked falling off in the literature dealing directly 
with Long Island. Arthur HoUick ' described a number of new discoveries of fossil plants, 
including one from ''Cretaceous shale** at Montauk Point. In a letter Dr. Hollick states that 
this was not found in place and that the Cretaceous does not at the present time show above sea 
level, hence his observations are really in accord with those of the present writer, who r^ards 
all the deposits as Pleistocene. C. E. Peet,^ who studied the drift of the Hudson Valley, found 
masses of till both over and under the drift and clay bowlders within it, especially in the southern 
part of the area. Over the clay he noted also in many places a gravel with an undulating topog- 
raphy [Manhasset ?], the contact appearing as if the gravel had been pressed into the clay. 

In 1905 W. H. Hobbs ' published two papers in which he gave a number of sections across 
East River that showed the underlying rock to be mainly gneiss, with only two narrow local beds 
of limestone. He therefore regarded the channel as due to faulting and jointing rather than 
to solution of the limestone. In the same year the first presentation of the Pleistocene stages 
now recognized was made by the present writer * in a paper on Fishers Island. Although this 
paper did not deal primarily with the larger island, the Long Island succession was described 
in detail; all the divisions except the Hempstead and Vineyard were recognized and names 
were applied to the Gardiners, Jacob, Herod, and Montauk stages and substages. A further 
contribution to the literature on the submarine Hudson channel was made by J. W. Spencer,* 
who stated that he could trace it to a depth of about 9,000 feet below the surface of the sea. 

Early in 1906 there appeared in (.hamberlin and Salisbury's text book • a geologic map of 
the United States compiled by Bailey Willis, on which the north side of Long Island is shown 
as Cretaceous. The present writer^ summarized the Pleistocene stages of the region and 
described the Long Island subdivisions and their equivalents on the mainland. An important 
contribution was niade by A. C. Veatch • in a chapter of the report giving the results of the 
imdergroimd-water investigations by the United States Geological Survey. The Pleistocene 
formations recognized were identical with those discussed in the earlier paper by the same 
author in 1903, the new stages differentiated by the present writer, including the Jacob, Herod, 
Montauk, and Hempstead of this report, not being recognized. Veatch's report was prepared 
two years previous to its publication and before the subdivisions mentioned had been differ- 
entiated. Although no new stages were recognized, the paper was of importance as presenting 
a detailed statement of the subdivisions as they had been worked out in the first season's field 
work and fuller descriptions than had been given in the preliminary papers of 1903. Correla- 
tions were made with the deposits of Marthas Vineyard, but none were attempted with the 
drifts of the central part of the country nor with the Pleistocene formations of the Atlantic 
Coastal Plain. An important contribution to the knowledge of the Cretaceous deposits was 
made, these accumulations being regarded as the equivalents of the Raritan and Matawan 
formations of New Jersey and as being of Upper Cretaceous age. Veatch gave an extended 
discussion of the origin of Long Island Sound, wliich he ascribed to excavation by a westward- 
flowing stream crossing western Long Island and joining the submarine channel off Sandy Hook. 
In the same year Arthur Hollick ' added to the information regarding the Cretaceous, and 
G. B. Shattuck's final report on the Pleistocene deposits of Maryland *® was published, in which 
he still further elaborated his views. 



1 Additions to the paleobotany of the Cretaceous formation on Long Island, No. II: Bull. New York Bot. Garden, vol. 3, 1904, pp. 4(0-418. 

• Glacial and post glacial history of the Hudson and Champlain valleys: Jour. Geology, vol. 12, 1904, pp. 415-469, 617-660. 

•Origin of the channels surrounding Manhattan Island, New York: Bull. Geol. Soc. America, vol. 16, 1905, pp. 151-182; The conflguretioii 
of the rock floor of Greater New York: Bull. U. 8. Geol. Survey No. 270, 1905, 93 pp. 

< Geology of Fishers Island, New York: Bull. Geol. Soc. Amerfea, vol. 16, 1905, pp. 367-390. 

6 The submarine great canyon of the Hudson River: Am. Jour. Sci., 4th ser., vol. 19, 1905, pp. 1-15. 

• Charaberlin, T. C, and Salisbury, R. D., Geology, vol. 2, 1906, colored plate. 

f Glacial stages in .southeastern New England and vicinity: Science, new ser., vol. 24, 1906, pp. 467-469. 

• Outline of the geology of Ix)ng Island: Prof. Paper U. 8. Geol. Survey No. 44, 1906, pp. 15-52, 

» The Cretaceous flora of southern New York and New England: Mon. U. S. Geol. Survey, vol. 50, 1906. 
w Pliocene and Pleistocene. Marjia^d Geol. Survey, 1906. 
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No important papers bearing on the geology of Long Island were published in 1907, but 
in 1908 appeared a paper by F. G. Clapp ^ that was of unusual interest as showing the existence 
of the Long Island subdivisions or their equivalents in northern Massachusetts, in New Hamp- 
shire, and throughout Maine. The latest contribution to Long Island geology at the time of 
writing (1908) is an article by W. O. Crosby,' who reiterated his earlier belief in the unity of 
the glacial epoch and assumed only a single invasion, the Wisconsin. He referred the Gar- 
diners clay to a Tertiary epoch (that of the Chesapeake group of the Miocene). The Pleistocene 
character of its fossils as determined by W. H. Dall and other competent paleontologists and 
the nonagreement of the deposits in character nor elevation with the adjacent Miocene 
deposits of New Jersey were disregarded. The large amount of granitic material, which is 
entirely at variance with the character of the Tertiary deposits elsewhere, especially with the 
clayey and marly deposits of this age in New Jersey, and the presence of large erratic bowlders 
in the Jameco and Mannetto were likewise regarded as without significance and these two 
formations were referred to the Oligocene. The heavy Montauk member of the Manhasset 
formation, several times as thick as the Wisconsin, was not recognized. 

LrrEBATXTBE OF CONTESHFOBABY PLEISTOCENE BEFOSITS IN NEW JEBSEY. 

In 1891 R. p. SaUsbury published the first of a series of reports on the surface geology of 
New Jersey which has a direct bearing on the geologic history of Long Island. In this report* he 
compared the older extramorainic drift, which he regarded as the equivalent of the oldest drift 
of the interior, and the younger morainic drift. The weathering of the former he gives as at 
least 30 feet, but that of the latter as only 2 or 3 feet. In the second. report * he gave consider- 
able attention to the ^'yellow gravels/' which were shown to be a complex series, in part of 
Tertiary and in part of Pleistocene age, containing some apparently berg-dropped bowlders. 
The essential completion of their present topography before the advent of the last ice sheet 
is recognized. The following tentative stages are postulated: (1) Submeigence to 400-foot 
level and deposition of gravel; (2) elevation and long-continued erosion reducing the surface 
by 120 to 150 feet; (3) depression to 150 feet below the present level, with deposition of gravel 
and possibly the introduction of ice-rafted bowlders; (4) elevation and moderate erosion to 
the present level; (5) slight depression and formation of low terraces, and (6) elevation of about 
40 feet. In the third report ^ he applied the name Beacon Hill to older gravels and Pensauken 
to the next younger. A new stage of submergence, marked by the deposition of loamy silts 
C'Jamesburg loam") with complex nonerosion topography, was postulated as occurring after 
the erosion of the Pensauken and before the deposition of the gravels of the low terraces. In 
his fourth report* Salisbury subdivided the Pensauken into a lower part, consisting of hori- 
zontally stratified loamy arkose sand, and an upper part, consisting largely of irregularly strati- 
fied lenticular beds of gravel which contain scattered ice-rafted bowlders and in which many of 
the granitic pebbles are deeply weathered. The upper part is clayey in many places in the 
northern part of New Jersey and presents vertical faces in artificial cuts, but this character 
does not prevail farther south. With few exceptions the gravel is heterogeneous both physi- 
cally and lithologically, its constituents ranging from half an inch to 4 feet in diameter (compare 
with Montauk, p. 132). The ''Jamesburg loam" was described as an imperfectly stratified 
surface mantle, in places much bent and contorted as if shoving or thrusting action had taken 
place. Its correlation with an older drift is suggested. Elsewhere Salisbury referred the 
Pensauken definitely to the Lafayette, stating: ''There can no longer be any doubt that the 
Pensauken is the equivalent of the Lafayette formation of the south." The report for 1895* 
was mainly descriptive of new localities, but the presence of clays in the Pensauken was noted, 
and the questionable character of the evidence for the separation of the '*Jamesburg loam" 
pointed out. In the next report by Salisbm-y and G. N. Knapp,' the noticeable till-like char- 

1 Complexity of the glacial period in northeastern Now England: Bull. Oeol. Soc. America, vol. 18, 1908, pp. 50(^-556. 

« Outline of the geology of Long Island: Science, new ser., vol. 28, 1908, p. 936. 

sprelimixiary paper on drift or Pleistocene formations of New Jersey: Rept. New Jersey Qeol. Survey for 1891, pp. 35-106. 

^Surface geology: Idem for 1892, pp. 33-166. 

•Suriace geology: Idem for 1893, pp. 33-328. 

• Surface geology: Idem for 1894, pp. 1-150. 
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acter of certain parts of the Pensauken and the presence of striated bowlders were mentioned, 
and a new subdivision of the Pensauken with Beacon Hill affinities was suggested. The Pen- 
sauken was at this time regarded as glacial. In the report for 1897 ' this subdivision was 
specifically defined as a gravel, sand, and loam formation, locally clayey, distinctly higher 
than the Pensauken, and intermediate in age between the Pensauken and the Beacon Hill. 
The name Bridgeton was applied to it and it was tentatively correlated with the Lafayette; 
the Pensauken was considered as ** probably contemporaneous with an early glacial epoch 
(Kansan or Albertan).'' The '*Jamesburg loam" seems to be dropped from the list of forma- 
tions, apparently for the reason that later work had shown it to be simply a surficial phase of 
the older deposits. The report for 1898 * dealt largely with the Cape May formation, or the 
terraces at 40 feet or thereabouts. 

The physiographic history of the State was discussed in the report on physical geography,* 
but nothing new was adduced. 

A report by R. D. Salisbury, II. B. Kummel, C. E. Peet, and G. N. Enapp • gave an interest- 
ing summary of the Pleistocene history of New Jersey. The ''only glacial formations which 
have been distinctly recognized in New Jersey are those of the Kansan ( ?) and Wisconsin 
formations."^ The clays below sea level aroimd Hackensack were regarded as equivalent 
to the ''Champlain and Hudson River clays." A post-Wisconsin submergence of 40 feet in 
the southern part of the State was recognized and one of 100 feet in the northern part was sug- 
gested. 

THB FBBSENT RBPOBT. 

Although dealing with the pre-Pleistocene as well as the Pleistocene geology of the island, 
the present report gives chief attention to the latter, largely because the new discoveries have 
related mainly to the Pleistocene formations. The report attempts, however, to arrange the 
Cretaceous beds for the first time in a number of groups, which are in general sufficiently dis- 
tinctive Uthologically to admit of the assignment of outcrops to their proper places with some 
degree of certainty. Until information that will permit a more precise definition is available, 
however, it does not appear desirable to apply new formation names to them. Their distribu- 
tion is shown on Plate I (in pocket) and figure 56 (p. 69). The results of the Pleistocene work 
are best shown by the following table, in which the stages recognized, their origin, the deposits 
by which they are characterized, and their probable correlations with the deposits of central 
United States are given. 

I Surface geolc^y : Rept. New Jersey Geol. Survey for 1895, pp. 1-16. 

" Surface geology; Idem for 1806, pp. 1-24. 

> Surface geology: Idem for 1897, pp. 1-22. 

* Report on surface geology: Idem for 1896, pp. 1-12. 

» The physical geography of New Jersey: Final Rept. New Jersey Ocol. Surrey, vol. 4, 1895. 

< The glacial geology of New Jersey: Final Rept. New Jersey Qeol. Survey, vol. 5, 1902. 

'Idem, p. 189. 
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Pleistocene events on Long Island. 



Stage. 


Substage. 


Character. 


Represented by- 


Thick- 
nefis. 


Probable time 
equivalents i n 
Mississippi and 
Ohiovalleys.etc. 


Wisconsin. 


Harbor Hill. 


Olacial. 


Harbor Hill or inner moraine, and associated till and 
outwash. 


Feef. 


Early WLscon.sin. 


Ronkonkoma. 


Glacial. 


Ronkonkoma or oater moraine, and associated till 
and outwash. 




Vineyard. 




Interglaclal. 


Great erosion unconformity, and Vineyard for- 
mation, consisting of marme deposits and peat. 




Sangamon (f), 
lowan (?), ana 
Peorian (?). 




Hempstead. 


Glacial. 


• 

s 


Hempstead gravel member. 


50-75 






Ice erosion unconformity. 


0-«)4- 




Manhasset. 


Montauk. 


Montauk till member: 

1. Till. 

2. Gravel. 

3. Till. 


Illinoian. 




Ice erosion unconformitv. 








Herod. 


Herod gravel member. 


50-75 




Jacob. 




Transitional. 


Jacob sand. 






Gardiner?. 


— - — - — 


Interglaclal. 


Gardiners clay. 




Yarmouth. 


Jameco. 


Glacial. 


Jameco gravel. 




Kansan. 


Post-Mannetto. 




Interglaclal. 


> 
Great erosion unconformity. 




Aftonian. 


Mannetto. 




Glacial. 


Mannetto gravel. 




Pre-Kansan. 



In addition to the detailed descriptions of the various deposits, the older Pleistocene sub- 
divisions, including all those antedating the Wisconsin, are for the first time shown on a map. 
The probable extension of the formations along the New England coast toward the northeast, 
their correlations with the New Jersey formations, the detailed geologic history of the island, 
the orogenic movements that have taken place upon it, and the relative length of its various 
geologic stages also receive attention. Special consideration is given to the topographic and 
physiographic features, including the various forms of Wisconsin drift, the submerged Soimd 
valley, and the submarine valley and canyon of Hudson River. The conclusion is reached that 
the Sound is in no way related to the submarine channel heading off Sandy Hook but is the 
result of eastward-draining streams. The cutting of the Hudson channels is referred to Pleisto- 
cene rather than to Tertiary time. A table in which the points of interest are arranged geo- 
graphically is provided to aid those who may have opportunities for field examinations in the 
region. 

The Pleistocene deposits of Long Island are unusually complicated — their variations from 
point to point, the existence of great unconformities at several horizons, and the general similar- 
ity of many of the beds of different ages all combining to render the decipherment of their 
history a work of great difficulty. No complete section is foimd at any one point, and in order 
to establish the entire sequence it is necessary to patch together fragments of evidence from many 
scattered localities. The main events of the geologic history, however, seem to be clear, and 
inasmuch as they have been corroborated at many places in New England they may be regarded 
as established. Mistakes in details are inevitable in so complicated a region, and no doubt in 
the earlier parts of the investigation many things escaped observation which, if the work were 
to be done over with the main events of the history as now established in mind, could not fail 
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to be noted. Furthermore, to obtain even a large share of the facts accessible would require, 
as on Oardiners Island, weeks of study where only a day or two was available. It is not improb- 
able that on further investigation many new incidents will come to light, and the history of 
the island will prove to be more varied in detail than is here outlined. 



PHYSIOGRAPHY. 



SIONIFICAKCE OF TOPOOBAPHT. 




FiouBB 3.~MiiHhitiwwt plataau ftnd the superlmpoaed moraine ae seen from Long Island Soond. 



There are few places in which so intimate a relation between topography and geology exists 
as on Long Island. The more conspicuous physiographic features, such as the plateaus of the 
north side of the island, the ridges constituting the so-called backbone, and the gently sloping 

plains of the south side, to 
say nothing of the form of 
the island itself, are all of 
constructional origin or the 
result of structure developed 
by geologic forces. Jn many 
parts of the island, espe- 
cially in the southern half, 
the topography furnishes the 
clue for the recognition of 
many deposits whose com- 
position, texture, or structure gives no help in differentiation. In fact, with the excep- 
tion of the bluff studies and the collection of well records, the examination of the region 
was necessarily made mainly from the physiographer's standpoint, and a lai^e part of the 
conclusions as to the deposits of the interior of the island are based on physiographic evidence. 
Thus one approaching the north shore from the water anywhere west of Port Jefferson sees 
before him a high plateau stretching back inland with an apparently level surface, upon which 
a nmnber of miles from the shore a high ridge rises abruptly 100 to 150 feet or more above the 
plateau surface (fig. 3). A close inspection of the plateau shows it to be an accumulation of 
stratified materials, and a glance at the ridge shows its morainal character. We have, then, 
one great formation (the moraine), with another (the plateau gravels) underlying or backed up 
against it, but which of the two possible relations actually exists seems at first sight difficult to 
determine from the topography 
alone. After crossing the mo- 
raine one passes out upon a 
broad plain (fig. 4, c) every- 
where gently sloping south- 
ward from its highest edge 
next to the morainal ridge 
and at once identified from its contour as an outwash formation contemporaneous with the 
moraine. A few miles south of the moraine, however, irregularities commonly begin to appear. 
Mounds, low ridges, and even broad, fiat-topped plateau remnants emerge above the sloping 
surface and stand with their summits at elevations approaching more or less closely that of the 
plateau north of the moraine (fig. 4, d). A study of the erosion features of both the northern 
and southern parts of the plateau surface shows that it has an erosion topography far more 
advanced than that of the moraine or other Wisconsin deposits, the work done on it being 25 to 
50 or more times that which has been accomplished since the deposition of the later drift. From 
topography alone, therefore, without the evidence of sections, it is obvious that the moraine is the 
later and rests upon an eroded plateau (Manhasset) . 

Farther south another ridge, likewise shown by its topography to be a moraine, rises above 
the older surface and is bordered by a second outwash, through which the plateau surface pro- 
jects as it does through the northern outwash (fig. 4,/, g) . The outer moraine also, together with 
the adjacent outwash, is therefore younger than and rests upon the eroded Manhasset forma- 




FioUBS 4.— Nortb-flouth profile of Long Island, o, Manhaaeet plateau; 5, Harbor Hill moraine; 
e, oatvash from loe along Harbor Hill moraine; d, Ifanbaeset aarHu^e; r , Ronkonkoma mo> 
raine; /, outwash from Ice along Ronkonkoma moraine; g, llanbasaet ridge projecting above 
oatwasb. 
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tion. That the outer morame is older than the inner is proved topographically by the fact that 
it is crossed by and buried beneath the inner moraine from the vicinity of Manhasset Bay 
westward. 

The morainal ridges are not the only elevations rising above the Manhasset surface. The 
hills near Wheatley and the Mannetto Hills stand 100 feet above the Manhasset, and a glance 
at their contours as shown by the topographic map is sufficient to suggest that their origin 
is other than morainal. The general form of the hills near Wheatley, for instance, sug- 
gests erosion rather than accumulation. Because of this fact a careful search was made for 
exposures of older material beneath the surface mantle of drift, resulting in the discovery of a 
core of much older highly stained, deeply weathered Mannetto gravel. The topography of the 
Mannetto Hills similarly indicates a formation much older than the Manhasset, for although 
the Manhasset is deeply cut by erosion the plateau character of its surface is still apparent 
through practically its entire extent, but only an isolated and much-eroded remnant of the 
Mannetto plateau remains. 

The topography alone, therefore, affords evidence of the existence of three great Pleistocene 
deposits separated by erosion intervals of great lengths — (1) the Mannetto gravel followed by 
the post-Mannetto erosion, (2) the Manhasset formation, after which came the Vineyard erosion, 
and (3) the Wisconsin drift. The well records and cliff sections fill in the gaps, showing the Jameco 
gravel, Gardiners clay, and Jacob sand between the Mannetto and Manhasset formations, and the 
Herod gravel, Montauk till, and Hempstead gravel members of the Manhasset. The topography 
is tlie key not only to the major incidents of the geologic history of the island but to many of. the 
minor incidents as well, affording a clue to the origin of an almost infinite number of the subor- 
dinate features of the Mannetto, Manhasset, moraine, and outwash surfaces. 

GENEBAL FEATURE S. 

Long Island is long and narrow and in outline bears more or less resemblance to a fish or 
whale, a similarity early recognized by the maritime inhabitants, who, in carrying out the con- 
ceit, designated the ridge traversing the island lengthwise the backbone and the long points 
terminating the island at the east end the north and south flukes. 

The broad end of the island, or the '^head," is separated from Manhattan Island, the site of 
the oldest part of the city of New York, by East River, the narrow channel connecting New York 
Harbor with Long Island Sound. This channel is cut in rock, ledges of gneiss appearing on both 
banks, and is less than half a mile in width. On the northeast, however, it broadens rapidly, 
merging into Long Island Sound, from 5 to 20 miles wide, which lies between Long Island and 
the Ck>nnecticut shore. 

Long Island presents a bold face toward the Sound, bluffs from 30 to 100 feet in height 
extending, with a few slight interruptions, through its entire length. West of Port Jefferson a 
well-marked though somewhat irregular plateau stretches southward from the tops of the bluffs 
for 1 to 7 miles at an altitude commonly from 100 to 200 feet. Along the southern limit of the 
plateau in the western half of the island and capping the bluffs along the north shore in the 
eastern half to Orient Point at the end of the North Fluke stretches the northern of the two 
morainal ridges that traverse the island (fig. 4), rising in places as high as 200 feet above the 
plateau, or 391 feet above the sea. A little south of Manhasset Bay a second ridge branches from 
the first. It is low and is interrupted at the west end but gradually rises eastward, reaching 
a height of about 410 feet at High Hill, south of Huntington. Thence it continues eastward 
as a strong ridge nearly paralleling the first but with some interruptions and terminates on the 
South Fluke at Montauk Point. Between the two ridges are extensive areas of sand and fine 
gravel, some being gently sloping outwash plains of sands, others plains pitted with deep, bowl- 
like depressions or valleys, and still others undulating hills of sand or gravel or flat^topped 
plateau remnants. South of the southern ridge the vast outwash plain of fine gravel and sand 
already mentioned stretches southward for 1 to 11 miles to the sea. This plain is characterized 
by many well-marked, though streamless, channels, and by low swells here and there, project- 
ing slightly above the general surface. Besides the morainal ridges described there are near 
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Wlieatley and south of Huntington massive hiUs of irregular outline, some extending well to the 
south of the northern ridge. These are the Westbury, Mannetto, Half Hollow, and Dix hills, 
which are, as is explained elsewhere, different in age and origin from the ridges. 

Off the south shore of the island is a long, more or less disconnected barrier beach inclosing 
the broad but shallow Jamaica, Great South, Moriches, and Shinnecock bays and the great salt 
marshes between Coney Island and Babylon. Along the north shore lesser bars, beaches, and 
spits connect small islets with the main island or project into the numerous harbors and bays 
or into the Sound. In fact, these beaches have now joined with the main body (Long Island) 
what must originally have been about 15 distinct islands. 

Although old channels abound on the island few have streams now flowing in them, and 
most of these are of small size. At Smithtown, on the north side, at Riverhead, between the 
two flukes, and near Yaphank and Great River stations on the south side are deeper channels 
that cut the water table farther from the coast than the others; hence the streams flowing in them 
are of greater volume. 

FORM OF THE ISLAND. 
AGENCIES INVOLVED. 

Long Island is the resultant of opposed agencies of deposition and erosion. Marine cur- 
rents, ice, and glacial streams have each played a part in both the upbuilding and the tearing 
down of the island. That the deposits now above sea level are small compared to those once 
existing in the region there is probably little doubt, indicating that since Cretaceous time ero- 
sion has on the whole predominated over deposition. Although erosion is not now going on 
very rapidly, the amount to be removed before the island is reduced to sea level is far less than 
that removed in the past, aiid if conditions remain unchanged the time may yet come when the 
island shall cease to exist. Xotwitlistanding the preponderance of erosion, however, the present 
form of the island is due to constructional rather than to destructional agencies. 

EAST RIVER. 

The northern part of the shore line of the west end of Long Island is determined by East 
River, a tidal channel connecting New York Harbor with Long Island Sound and separating 
Long Island from Manliattan Island. The southern part of East River occupies a channel cut in 
rock and the northern part meanders tlxrough deposits of drift. This channel has been discussed 
by a number of writers. S. L. Mitchill * urged that Long Island must have been recently sepa- 
rated from the mainland by the encroachment of salt water. John Bryson * referred its origin 
to the erosive action of the escaping waters of subglacial streams. F. J, H. Merrill ' suggested 
that the rock channel was probably due to the solution of a belt of limestone. J. B. Woodworth * 
thought the escape of ponded glacial waters during the final ice retreat had sometliing to do 
with the shaping of the channel in the drift. Bailey Willis and R. E. Dodge* regarded it as 
occupied by a tributary of the Hudson at the time of the excavation of the submarine channel. 
W. H. Hobbs ' presented sections showing the general absence of limestone and proposed faulting 
and jointing as the explanation of the form of the rock channel. A. C. Veatch ^ made it the 
site of a tributary of the Hudson in the post-Miocene erosion interval. 

The present writer regards the rock channel to be due to mechanical erosion by streams 
rather than to solution, as there seems to be too little limestone in the area to account for its 
size or its configuration. Its form was most likely controlled by joints (or possibly fault planes) 
or by the strike of the beds, with wliich the channel agrees closely in direction. It is not believed 

> Med. Repository, vol. 3, 1800, p. 329. 

« Geol. Mag., new ser., vol. 10, 1883, pp. 160-171. 

> Annals New York Acad. Sci., vol. 12, 1900, pp. lia-116. 

* Bull. New York State Mus. No. 48, 1901, p. ttSS. 

s New York City folio (No. 83), (Jeol. Atlas V. S., U. S. Geol. Survey, 1902. 

• Bull. Geol. Soc. America, vol. 16, 1905, pp. 151-182; The configuration of the rock floor of (Jreater New York: Bull. U. S. Geol. Survey No. 
270, 1905. 

7 Underground water resources of Long Island: Prof. Paper V. S. Geol. Survey No. 44, 1906, PI. VI. 
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that the present depression is due in any material degree to actual downf aulting. The northern 
part of the channel seems to have been cut subsequent to the period of the Manhasset accumu- 
lation, for the deposits of this formation, as shown by their remnants, undoubtedly overlapped 
upon the mainland. The channel was completed before the Wisconsin ice advance, but the 
escaping waters from this retreating ice sheet and the subsequent tidal scoiu" probably did 
much to clear out the deposits left by the last glacier. The stream that excavated the rock 
channel seems to have been a short one, having no connection with the depression in which 
the Sound lies. 

NORTH SHORE SCARP. 

From a point near the west end of the island eastward to Orient Point, Long Island Sound 
is almost everywhere faced by a steep scarp, rising in places more than 100 feet above the water. 
Superficially it is plainly of erosional origin, having the form of more or less fresh bluffs and 
cliffs (p. 54). In reality, however, erosion has done little more than cut a narrow shelf into 
the land mass and wear away a few projecting points. 

The history of the scarp is both long and complicated. The beginning of a scarp along the 
north side of Long Island dates back before the Pleistocene, to the time when the Tertiary 
streams were beginning to excavate the Soimd Valley. The direction of the streams and the 
strike of the beds make It seem probable that even then a somewhat steep slope existed not 
far from the line of the present north coast — a slope which, though deeply buried, is still trace- 
able in places by well borings. It seems likely that in the succeeding early Pleistocene stage 
(Mannetto) the ice margin rested along the erosional slope already formed, producing on its 
retreat a steep ice-contact slope that rose at least 350 feet above the present sea level. In the 
post-Mannetto stage, however, the active erosion, though deepening the Sound, everywhere 

attacked the scarp, with the result 

j.,-jjS; ..^ that it was nearly or completely ob- 

ia^netfo gravel Uteratcd iu eastern Long Island, and 

^^^ toward the west end only a few rem- 

^^wy <^ _^^^^^_^ji:>^ Cr*faceou8 nauts persisted at the terridnations of 

projecting spurs of the old mass. 

FiQUBE 6.— Relations of Cretaceous, Maxmetto, Manhasset, and present north-shore Such appCar tO have been the COn- 

""^* ditions at the advent of the Jameco 

ice, which not only failed to add to the scarp but actually reduced its height by adding to the 
filling of the Sound Valley, a process that was continued through theGardiners and Jacob stages. 
During the Manhasset invasion, on the other hand, the conditions seem to have been more like 
those of the Mannetto, and although the ice at times advanced much f ai-ther south the margin 
seems to have rested along the north side of the island for considerable periods, dming which 
the tliick Manhasset formation, rising in places to a height of 200 feet above the present sea 
level, was built up. At the same time the weight of the ice in the Soimd region and its drag 
or shove on the land combined to produce a notable folding that helped to intensify the scarp, 
wliich was eventually left in the shape of an ice-contact slope on the retreat of the ice. The 
scarp was afterward notched by the streams of the Vineyard interval of erosion, subdued and 
rounded by the Wisconsin ice, and cut by the waves of the present Sound until finally it reached 
its present form. The amount of the late wave erosion is considered in the discussion of the 
bluffs (p. 54). The present conditions along the north shore in the western part of the island 
are represented in figure 5, which brings out the buried Cretaceous and Mannetto scarps beneath 
the Manhasset. 

HARBORS OF THE NORTH SHORE. 

The north coast along the western half of the island from Port Jefferson to New York 
13 indented by a series of harbors, including Flushing Bay, Little Neck Bay, Manhasset Bay, 
Hempstead Harbor, Oyster Bay Harbor, Cold Spring Harbor, Huntington Harbor, Centerport 
Harbor, Northport Harbor, Nissequogue Inlet, Stony Brook Harbor, and Port Jefferson Harbor. 
These harbors range in length from about 2 miles (Northport and Centerport harbors, etc.) 
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to about 5 miles (Hempstead Harbor, etc.); and their axes, with one or two exceptions, are 
straight or gently curving. Each one is bordered by slopes rising somewhat steeply to an 
altitude usually of 100 to 200 feet. Some of the indentations, as Port JefPerson, Stony 
Brook, Northport, and Huntington harbors, end rather abruptly in amphitheater-like 
terminations, but most of them extend inland for a number of miles beyond the limit reached 
by the sea, gradually closing in to V-shaped terminations. The vaUeys are generally free from 
conspicuous branching such as would be expected if they had been produced by the ordinary 
process of stream erosion. There are, however, on the borders of each main vaUey many 
small lateral vaUeys sloping toward the harbors, which, although more or less filled with late 
driift, are distinctly recognizable. At Smithtown, where little late drift is present, a typical 
dendritic drainage system is seen. (See topographic map, PI. II, in pocket.) Like the others, 
it is of pre- Wisconsin origin, as shown by glacial deposits, including an esker in the bottom 
of the main valley. 

The bluffs bordering the harbors consist as a rule of Manhasset materials, but well borings 
and outcrops along the shores indicate that the necks between the harbors have Cretaceous 
cores rising high above sea level. In other words, the present valleys, although generally cut 
in the glacial gravels of the Manhasset formation, are coincident in location with older Cretaceous 
valleys. 

Much material bearing on the formation of the north shore harbors and valleys has been 
published. W. W. Mather * noted the action of springs in converting sand into quicksand so 
that large masses flowed from the bluffs. Elias Lewis, jr.,' also pointed out that many valleys 
are due to spring sapping, but he held that the harbors were formed by erosion by subglacial 
streams. Warren Upham* referred the Smithtown drainage system to stream erosion. 

V John Bryson* followed Lewis in referring 

*;— — ^^ j^ /^^"'/y^ ""^ ^'^ excavation of the harbors to subglacial 

N. \ §i/ /C^ streams. F. J. H. Merrill' considered the 

Sea. level \A_ <? '' jC^ harbors to have been * * plowed out by project- 

^•^.^^g^-.-^uy^^rc. ing spurs of ice" and regarded the adjacent 

Figure 6.— Relation between the original and the preseDt cross section of elevationS aS duC tO ice thrUSt. Arthur Hol- 

nortb:^re vaUeys. jj^^ , ^nd W. O. Crosby ' agreed with Merrill. 

J. B. Woodworth ■ distinctly recognized the stream origin of the valleys, although stating that 
they had been modified, enlarged, and deepened by the action of the Wisconsin ice. A. C. 
Veatch • brought out the fact that* the present harbors, though not cut in Cretaceous forma- 
tions, nevertheless coincide in location with buried Cretaceous valleys cut in pre-Jameco time. 
The coincidence of location he explained as due to the concentration of underground waters in 
the old depressions, giving rise to extensive spring sapping. Some modification by the Wis- 
consin ice was recognized. The present writer agrees with Veatch, but would lay more 
emphasis on *'ice erosion," for the valleys, except the one at Smithtown, are much too broad 
in proportion to their length and terminate too bluntly to be characteristic of stream action. 
The trunk valleys are also larger in proportion to the lateral channels than is called for by 
normal stream erosion. Drift deposition (Wisconsin) has also obscured and obliterated many 
of the old valleys, as at Uoyd Neck and in the region south of Huntington. The erosion is 
regarded as the work of the basal part of the main ice sheet rather than the projecting lobes, 
as was asserted by some of the earlier writers. The conditions are illustrated by figure 6. 

i Geology of New York, pt. 1, 1843, p. 32. 

* Am. Jour. Sci., 3d ser., vol. 13, 1877, pp. 142-140. 
s Idem, vol. 18, 1879, p. 201. 

4 The geological formation of Long Island, New York, 1885. 

»Annals New York Acad. Sd., vol. 3, 1886, pp. 341-364. 

Trans. New York Acad. Sci., vol. 14, 1895, pp. 8-20. 
7 Tech. Quart., vol. 13, 1900, p. 105. 
> Bull. New York State Mus. No. 48, 1901, p. 636. 

• Underground water resources of Long Island, New York: Prof. Paper U. S. Geol. Survey No. 44, 1906, pp. 43-44. 
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SHORE LINE EAST OF PORT JEFFERSON. 

West of Port Jefferson, as has been seen, the coast is highly irregular, being indented by 
many deep bays and harbors. East of this locality, however, the shore is very regular, being 
made up of long, gently curved reaches with here and there a headland barely projecting from 
the general line. Throughout this stretch the contour of the coast has manifestly resulted 
from the action of the waves and currents of the Sound, its regularity being the direct result 
of its fairly uniform composition. For most of the distance the bluffs bordering the shore are 
made up of sands and fine gravels, but in places there is a more resistant bed of till or of clay 
which gives rise to a slight projection in the coast line. An exceptionally high bluff may also 
give rise to such a projection, as at WoodhuU Landing. The swell at Rocky Point Landing 
is probably due to the presence of the Gardiners clay in the bluff, the one at Herod Point to 
the Montauk till member of the Manhasset formation, that at Roanoke Point to both clay 
and drift, that at Jacobs Point to the clay, those at Ducks Pond, Horton, Rocky, and Terry 
points to thick beds of till (Montauk member?), and the one at Mulford Point to the clay. 

West of Port Jefferson the general trend of the coast is somewhat north of east. Here, 
however, the coast makes a decided bend and for 20 miles runs due east, beyond which it trends 
somewhat more northerly than at the west end. In these stretches the elevation of the bluffs 
becomes less, decreasing from 150 feet near Port Jefferson to 100 feet north of Riverhead and 
to less than 50 feet near Orient Point. It would seem almost as if the coast had been cut back 
through the plateau portion of the Manhasset formation into the sloping part on the south. 
If so, the original coast, as indicated by the eastward prolongation of a line along the Manhasset 
crest, must have been 5 niiles or more north of its present position. Of this, however, there is 
no verv definite evidence. A chart of the Sound shows no notable shoals such as should exist 
if the land had been thus cut back. In fact, the only shallow places are off Woodhull Landing 
and Herod, Roanoke, and Horton points and between Rocky and Terry points. Those at the 
first three localities are spitlike projections; those at the last two have the form of offshore 
shoals. None is situated more than about li miles offshore. Elsewhere the bottom of the 
Sound is almost perfectly flat and affords little evidence of extensive erosion. 

On turning to the island, however, it is found that, notwithstanding there has been no 
greater deposition of the late drift in the eastern part than at points farther west and no more 
opportunity for obscuring the old topography, large northward-draining valleys similar to 
those west of Port Jefferson arc entirely absent. If such valleys ever existed, and there seems 
to be no reason why they shoiild not have been formed here as well as farther west, they must 
have been obliterated by subsequent erosion of the coast line. 

It is an interesting fact in this connection that the deep Sound channel, described elsewhere 
(p. 56), follows the coast of this part of the island at a distance of about 4 miles. It is probable 
that the land, if it ever extended much farther northward, did not reach beyond the line of 
this channel. On the whole it seems likely that the coast in this region has been cut back for 
several miles, but if so most of the erosion occurred in pre-Wisconsin time, possibly in a period 
of relative submergence that followed the cutting of the Sound and Peconic Bay channels, 
such as is assumed in the discussion of the shaping of the shores and islands of Peconic Bay. 
The post-Wisconsin cutting is not believed to have exceeded half a mile. 

PECONIC AND GARDINERS BAYS. 

No single feature of the outline of the island is more conspicuous than the great connecting 
bays lying between the North and South flukes. (See topographic map, PI. II, in pocket.) 
Together these bays form a water body iucreasing in width from a few yards at the mouth of 
Peconic River to 14 miles near Gardiners Island, 27 miles farther east. The water body does not 
increase uniformly in width throughout and is much broken by islands, the largest of which are 
Shelter and Robins islands, and by projecting necks mostly connected with the mainland by 
beaches, among which are Jessup and Hog necks, near Sag Harbor, on the south side, and Little 
and Great Hog necks, in Southold, on the north side. These islands and necks all stand from 
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50 to 100 feet or more above the present sea level and appear to be remnants of old land sur- 
faces at these elevations. Their topography, as well as that of the part of the main island 
adjoining the bays, seems to be in part constructional and in part due to stream erosion, 
alUiough greatly modified and obscured by the subsequent passage of ice sheets over its surface. 
The contours of the shores, however, are due ahnost wholly to the action of currents and waves. 

J. D. Dana * advanced the view that the Connecticut and other Sound drain^e passed 
southward across the North Fluke in the vicinity of Mattituck into Peconic Bay, but what 
course it then took he did not state. Three years later John Bryson * suggested that the further 
course of this stream (which he assumed to have been subglacial) was through the depression 
at Canoe Place, and stated his belief that Block Island Sound and Gardiners and Great and 
Little Peconic bays are the result of suSglacial stream erosion. 

The drainage immediately preceding the last ice invasion was toward the chain of bays 
from aU directions. Peconic River entered from the west, as at present. Along the North 
Fluke traces of pre-Wisconsin valleys leading southward may be seen at a number of points. 
Mattituck Inlet, although now opening into the Sound, then took the drainage southward, as is 
indicated by the marked convergence of the lateral valleys in that direction; but that it was not 
the outlet of Connecticut River nor of any other stream of the mainland or Sound, as was stated 
by Dana, is shown conclusively by its shallowness, narrowness, and the character of the tribu- 
tary channels mentioned, which indicate that it formed the headwater portion of a minor 
drainage system rather than the outlet of a large river. (See PL XI, C, p. 52.) On the South 
Fluke, Sebonac Creek near Shinnecock, the Long Pond and Northwest Creek vaUeys near Sag 
Harbor, and Threemile Harbor, are valleys produced by northward drainage. 

The course of the trunk stream receiving this drainage can not be located with any cer- 
tainty. The bottoms of the bays are irregular and do not appear to contain any submei^ed 
channels. The deepest water at the present time is along the south side of Great Peconic Bay, 
off the points of Robins Island and Little and Great Hog necks, and between Shelter Island 
and the North Fluke, and this line may mark the course of the old drainage. It could hardly 
have passed outward at Canoe Place, for the gap in the Manhasset at this point is only a few 
hundred feet wide, nor through the shallow and circuitous passage south of Shelter Island. 

All that can be definitely stated is that in the stage immediately preceding the last ice 
advance Peconic River flowed essentially in its present course, that the drainage entered the 
Peconic trough both from the north and the south, and that the waters passed eastward into 
the ocean. The land at this time stood at least 150 feet higher than at present, as indicated 
by the submarine channel east of Montauk (p. 60), but a submergence took place and much 
marine erosion, marked by a shaping of the shores and a separation of the islands, occurred before 
the advance of the Wisconsin ice. The ice, although modifying the topography in many ways, 
probably did not materially alter the main features. Postglacial erosion has likewise done 
little except to modify the contours of the shores. 

Although the Peconic region was the site of a drainage system just before the Wisconsin 
ice invasion, it is doubtful if the depression owes its origin to stream erosion at that time. More 
probably the basins are largely the result of nondeposition in Manhasset time because of their 
occupation by ice masses around which the materials of the various necks and islands accu- 
mulated. If such was the case, it is not unlikely that incipient depressions favorable to the 
retention of the ice masses were early formed through differential compacting of the under- 
lying materials by the weight of the ice sheet, through ice scouring, or through the uplift of 
the North and South flukes by the dynamic action of the ice. 

OUTLINE OF THE SOUTH SHORE. 

If the extension of the land produced in postglacial time by the formation of marsh 
deposits along the old shore is left out of account, the south coast of Long Island in its broader 
aspects consists of a number of broad, gently curving, lobelike projections of sands or fine gravels. 

» Am. Jour. Scl., 3d ser., vol. 40, 1890, pp. 425-437. « Am. Geologist, vol. 12, 1893, pp. 402-403. 
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A small but strongly curved lobe extends between New York Harbor and Jamaica Bay. East 
of this bay is the broad, flat lobate curve extending to South Oyster Bay, a distance of about 
20 miles. The next lobe, which is of similar character, extends between Massapequa and 
Babylon; another stUl smaller lobe extends between Babylon and Bayshore. Beyond this 
point the shore is more broken and complex, but the general lobate character is visible as far 
east as Southampton. Between the lobes and also cutting their margins nearly every half mile 
are small estuaries a mile or so long and a quarter to half a mile wide or estuary-like valleys 
now occupied by marshes. Some of these depressions are traversed by streams and others 
are dry. 

The lobes appear to have been formed by the deposition of materials carried out from 
glaciers by glacial streams during the melting of the ice. West of Bayshore the lobes are 
regular in outline and appear to owe their form largely to outwash from the last or Wisconsin 
ice sheet at a time when the land stood nearly at its present level. Farther east they are less 
regular, are cut by deep channels and bays, and lack to a considerable extent the even surface 
characteristic of the western lobes. It seems probable that the lobes are due primarily to 
deposition during an earlier ice advance, and that they were afterward subjected to erosion 
and finally to partial burial by the less copious outwash during the Wisconsin invasion. 

The coast from Southampton nearly to Montauk Point follows a nearly straight line inter- 
secting old headlands and crossing old bays. It is in part due to erosion and in part to depo- 
sition. In the vicinity of Southampton the land probably at one time extended half a mile to 
a nlile or more farther seaward than at present. Southeast of Bridgehampton it possibly 
extended half a mile farther, at Apaquogue about the same, and between Easthampton and 
Amagansett a mile or more. That the shore at Montauk has retreated considerably is unques- 
tionable. The Montauk shoals, which lie about 2 miles south of the present shore, indicate 
that the land probably once extended to that point. Much of the erosion may have occurred 
before the Wisconsin ice advance, and the amount of cutting back in post- Wisconsin time may 
be not over a mile and possibly less, although, as pointed out by W. W. Mather,' not less than 
' 2 acres is lost annually by erosion in this region. 

The same waves and shore currents that tnmcated the headlands formed beaches, connecting 
the projecting points and inclosing the so-called bays and ponds, most of which occupied old 
drainage channels in the gravels. Some of the bays are still connected with the ocean by narrow 
channels, but in most places the beaches are unbroken. The most important beach is Napeague 
Beach, lying between Amagansett and Montauk Point, which has a length of 4 miles and a width 
of li miles. The sands of the beaches have for the most part come from the erosion of the land 
at the points mentioned, and the material not so used has been transported westward to the great 
barrier beach described under Recent deposits (pp. 177-178). 

STJBFACE LINEAMENTS. 
INFI.UENCE OF THE CRETACEOUS. 

The Cretaceous of Long Island is extensively developed, as brought out in the bluflFs of 
the north coast, where natural exposures are numerous, and in clay pits and wells in the interior. 
As it comes to the surface at few places in the island, it has little or no direct influence 
on the topography, the only possible exception that was noted being at High Hill, southwest 
of Huntington (PI. Ill), where the character of the drift suggests that the core of this high 
knob may be Cretaceous, a supposition rendered not improbable by the finding of Cretaceous 
material in a near-by well (No. 586, p. 84) at an elevation of over 300 feet. Although not 
directly controUing the present topography, the Cretaceous core has nevertheless exerted a very 
extended indirect influence upon it through control of the Mannetto deposition, which took place 
over and around the CVetaceous remnants. 



1 Second Ann. Rept. New York Geol. Survey, 1838, p. 126. 
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MANNETTO REUNAMTS. 

Manjietto plateau. — At only one point on Long Island, so far as is known, is any trace of the 
original Mannetto surface left. Beginning a little south of the peak known as High Hill, near 
the north end of the Mannetto Hills, and continuing southward to a point about half a mile 
north of Bethpage, a distance of about 3 miles, is a narrow plateau, one-fourth to one-half a 
mile wide, constituting the flat crest of the bilk (Fl. III). It ranges in altitude from about 330 
feet at the north And to 270 feet at the south end and is believed to be a part of the original 
Mannetto surface. Whether the slope is original or is due to differential tilting is not known, 
but the writer is inclined to consider it original. 

HiUs of Mannetto gravel. — Outside of the Mannetto Hills the Mannetto gravel is com- 
monly represented only by irregular hills, although traces of the plat«au level are ob8er%'- 
able in the Dix Hills. In general, however, erosion has reduced this mass to a aeries of radiating 
spiire. Near Wheatley the erosion ia even more advanced, and nothing but an irregular group 
of hilb remains, as shown by Plate VI, D (p. 32) and the <lescriptioD on page 82. Similar but 
more isolated masses of the Mannetto gravel are believed, from the character of the overlying 

drift, to control largely the 
topography at Harbor Hill, 
at Roslyn, and in the knobs 
rising above the Manhassct 
surface on Manhasset Neck 
(p. 82 and PI. IV). 

HANHAS8ET 8TIRPACE. 

Hi gher ;>I(itec«s.— The 
Manhasset surface shows con- 
siderable diversity of contour, 
both original and subsequent 
forms being extensively rep- 
resented in it, the former by 
the great plateaus and the 
latter by the deep valleys and 
sharp bluffs. The plateaus, 
although recognized by few 
of the earlier writers, princi- 
pally because of the till coat- 
ing and the semimorainal 
piitcmu* from Dougiu- aspect of the surface, become, 
loQ to oysMT B.r. ^^^^ jjjg physiography of the 

island is studied in detail, one of the most conspicuous and important of its topographic 
features. Although they are spoken of as plateaus it must not be thought that the surface of 
the Manhasset formation is continuous or perfectly flat for any great distance. As a matter 
of fact, the plat«au is deeply indented or even separated into detached parts by the deep bays 
and harbors, some of which extend back nearly or quite to the moraine, and is almost every- 
where deeply trenched by stream valleys and characterized by superficial irregularities due to 
the deposition of a mantle of morainal outwash or other drift over its surface. The continuity 
of the plateau surface is also broken along the axis of Manhasset Neck by knobs of older material 
projecting to a height of 60 feet or more above the plateau level (PI. IV). 

The plateaus fall into three belts — the north-shore belt, extending from the vicinity of New 
York to Orient Point; the Middle Island belt, extending from Rockaway Ridge through Beth- 
page and Half Hollow hills, the highlands near Middle Island and south of Riverhead, and the 
islands and necks of the north aide of Great and Little Peconic bays to Shelter and possibly 
to Gardiners Islan<l ; and the South Fluke belt, extending from its junction with the Middle Island 
belt south of Riverhead eastward along the South Fluke to Montauk. Each of the belts is 
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FiouBB 8.— Sketch diowlDg location of the upper and lower Manhasset platoaas In the 

Lloyd and Eaton necks regfon. 



described at length on pages 119-121, and their characteristics are shown in detail by the topo- 
graphic map (PL II, in pocket). 

Lower plateau or terrace. — ^A peculiarity of the northern plateau belt in western Long Island 
is its double character or development at two distinct levels, as brought out by figures 7 and 8 
and by Plate IV. The lower terrace, which lies along the coast, ranges from 1 to 6 miles in 
breadth and has a maximum elevation of a little over 100 feet; back of this surface and usually 
separated from it by a more or less distinct though gentle scarp lies a higher plateau at 180 to 
200 feet, reaching back to the moraine and beyond. The significance of the lower plateau is 
somewhat obscure. The charac- 
ter of its surface and especially 
of the slope between it and the 
higher plateau is somewhat sug- 
gestive of wave work. The sur- 
roundings at certain points, how- 
ever, as at Glenwood Landing 
on Hempstead Harbor, where 
the terrace is unusually well de- 
veloped (PI. VI, A, p. 32), would 
seem to preclude such action, it 
being hardly conceivable that 
the waves of a confined body of 
water hardly more than half a 
mile wide could have cut back a 
terrace nearly a mile in breadth 
in deposits rising a hundred feet 
above the water level. Aside 
from the fact that this theory would require a subsidence of at least 100 feet in post-Manhasset 
time, a movement of which there is elsewhere no record, examination shows that this plateau has 
a drainage topography fully as far advanced, considering its lower level, as that of the upper 
plateau and indicating equal antiquity. 

The material of the lower plateau is clearly Manhasset and is, at least locally, the Montauk 
till member of the Manhasset, extending nearly or quite to sea level and therefore considerably 
below the level of the Montauk member in the gravel pits farther south on Hempstead Harbor, 
the conditions being similar to those shown in the generalized north-south section in figure 9. 
The explanation that the writer regards as most probable is that which assumes the lower 
plateau or terrace to be an original feature formed in connection with the Montauk ice invasion. 

On the first approach of the ice the margin probably lay 
in the Sound not far north of the present coast line (fig. 
9, a), and in front of it the Herod gravel member of the 
Manhasset formation was laid down. On the actual in^ 
vasion of the region the ice reached somewhat farther 
south, passing over the Herod gravel member at least to 
the head of Hempstead Harbor, as indicated by the 
bowlder bed capping the gravel. On its recession or on its subsequent readvance its margin 
rested along the line now marked by the scarp separating the low plateau from the high plateau 
(fig. 9, 6), and in front of it were laid down the higher gravels (Hempstead member of Manhas- 
set formation). This sequence of events explains the presence of the Montauk till member near 
the surface and the general absence of the Hempstead gravel member along the coast, the lobate 
form of the landward edge of the lower plateau, the similar erosion features of the two plateaus, 
the nature of the separating scarp (ice contact), the peculiar position of the terrace at Glenwood 
Landing (due to an ice tongue in Hempsteaa Harbor), and the greater disturbance exhibited 
by the material of the lower plateau (due to more prolonged shove and drag by the ice). 
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FiouBE 9.— Section showing zelationa of Hanhaaset pla- 
teaus and deposits along the north shore In western Long 
Island, a, Present bluff scarp at coast; h, modified ioe- 
contact scarp between high and low Manhasset plateaus. 
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MORAINES. 
MORAIHES OF STRATIFIED DRIFT. 

KXTKNT AND GEN'EIl.\L CHARACTER. 

The moraines of Long Island have in the past been almost invariably regarded as the cul- 
minating physiographic members of the region, and although later work shows them to be 
subordinate to the Manhasset the}' are nevertheless striking features of the topography (PL 
V, A) J rising in many places 100 to 150 feet above the surrounding level and reaching a maximum 
elevation of 410 feet above the sea. They are also of notable extent, stretching the entire 
length of the island without any considerable break. Topographically they may still be con- 
sidered as constituting the ^*backbone'' of the island, but it should be borne in mind that this 
^ is a superficial and not a structural relation, 

... - r \„ . ^ for the moraines are not a part of the foun- 

V^^ ^ ^/<^^^N^ ^.r-r'f^^^r'r^''^^ dation of the island but are only ridges rest- 

„ . ^ , . . , . . ^, , . , hig on the Manhasset surface. 

FiouBE 10. — Section showing mode of formation and profiles of moralnal ^ . j* • • 

cones, a, Point of emergence of feeder: b, steep d«1bris fan; c, isolated cone The morames shoW great diversity m 

of regolar contour; d, irregular cone; «, confluent cones; fc, kettle. f^^m from point tO pOint aCCOnlillg tO tho 

nature of the material composing them and the conditions of its deposition, nearly all the com- 
mon types of morainal accumulations being represented. They are described in detail in the 
section on stratigraphic geology (pp. 163, 168), and it is necessary to consider here only the 
special types and minor features of the morainal deposits. 

IfORAINAL CONE8. 

Isolated cones, — The isolated morainal cones represent one of the simplest forms of morainal 
accumulation, seemingly being the result of deposition hy waters issuing from the ice front at 
a single point and at a considerable elevation above the base (fig. 10, a). The volume of the 
feeder must of necessity be very small and incapable of transporting material far beyond the limits 
of the confined ic« channel, for a larger volume would soon cut down to the base of the ice and 
form a normal outwash channel. Both the character of the deposition and the elevated posi- 
tion of the feeding channels, therefore, 

point to small rivulets as the source of ^ ^^^ ^^ 

material of the morainal cones. When 





first formed the deposits had the fonn of ^^^ n._i>rofiles of morainal cones, a. Isolated cone; 6, semioone; c, oooflu- 
a steep fan or Semicone (fig. 10, 5), but on ent cones of similar magnitude; d, confluent conas of various sites. 

the retreat of the glacier the part l}dng 

next to the ice was let down and a more or less irregular cone resulted. Some of the cones are 
rounded and have fairly regular slopes (fig. 10, c) . Kettles may occur in any part of the cones but 
are most likely to be found near the margms (fig. 10, t). Considerable till is likely to be present 
on the ice-contact face. 

A cone completely isolated from the surrounding moraine (fig. 10, c) is not often seen. The 
best apparent examples are found at High Hill, at the north end of the Mannetto HiUs, and in 
the unnamed hill immediately west of this point (PI. HI, p. 28). Both of these are sharp knobs 
resting directly upon the Mannetto or the Cretaceous ])lateau, above which tliey rise 100 feet, 
and they have practically no connection wdth adjacent morainal accumulations. It should be 
noted, however, tliat the knobs mentioned are i)ossibly not entirely morainal and that they may 
contain cores of older material. 

Confiuent co^nes.-AW. gradations from tlie isolated cones that are described above (fig. 11, a) 
through semidetached cones (fig. 1 1 , ft) to completely confluent cones (fig. 1 1 , <?, d) are repre- 
sented on the island. Their origin is essentially the same, each knob or cone representing the 
disci large either of a single rivulet or of a number of closely adjacent rivulets. Confluent cones 
result from the ])roxiinity of the contributory streams, which causes their deposits to impinge 
on one another and become united into a ridge in which the component parts are represented 
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by the several knobs. Where the feeders are of essentially the same capacity the result is to 
build up a ridge of fairly uniform height (fig. 11, c), but where they are of unequal transporting 
power the ridge is uneven, with one or more knobs representing the chief sources of sediment 
rising high above the others (fig. 11, d). 

Examples of confluent cones are so numerous that a list of all those on the island would 
cover many pages; in fact considerable parts of the inner moraine and a large part of the outer 
moraine are made up of rows or groups of such deposits. One of the best examples of a con* 
fluent ridge of fairly uniform height is that southeast of Hauppauge or northeast of Central 
Islip (PI. VII, A). Bald Hill, 4 miles southwest of Riverhead, affords an example of a cone 
rising prominently above its neighbors (PL VI, C) . In fact. Bald Hill approaches the isolated 
cones in form. 

MORAINAL RIDOES. 

Simple ridges. — ^The simplest morainal ridge is that formed by confluent outwash cones 
along a stationary ice margin in the manner outlined in the preceding section. Such ridges have 
a simple cross section, as shown at c, figure 10. The best large-scale example is that mentioned 
as occurring southeast of Hauppauge. 

Double ridges. — Inasmuch as the ice front is seldom entirely stationary during the upbuild- 
ing of a moraine, there is commonly a tendency to repetition of the ridges. The simplest form 
of moraine resulting from this tendency is a double ridge such as those shown in profile at c 
and d in figure 10, each ridge consisting of the confluent cones formed at a given position of the 
ice margin. The best example of a double ridge of this character separated by a flbt outwash 
deposit was noted on the road crossing the moraine half a mile southwest of Woodbury or IJ 
miles southwest of Cold Spring station. 

Compound ridges. — Simple and double ridges are the exception among the moraines of 
Long Island, as elsewhere, the normal form being a compound ridge of considerable breadth, 
as shown in profile at 6 in figure 10. The formation of a ridge of this type differs in no essential 
way from that of the ridges described above, except that the cones composing it are confluent 
with those before and behind them as well as with those at their sides — a result following from 
changes in the position of the ice margin smaller than those giving rise to the double ridges. In 
general compound ridges are the result of deposition during a number of successive slight 
recessions of the glacial margin. The ice may also have temporarily advanced, overriding 
part of the earlier deposits and disturbing them more or less, thus giving rise to abnormal forms 
of reUef. Under such conditions many ice blocks would become detached and buried beneath 
the drift, causing on melting the numerous kettles that almost everywhere characterize deposits 
of this type. The long-continued presence of the ice favored the incorporation of considerable 
till both within and on the ice-contact face and the scattering of bowlders over the surface. In 
fact, the conditions were such as to develop a most diversified morainal topography — ^high 
knobs, ridges, and gravel heaps of all shapes and sizes alternating confusedly with equally 
irregular basins, troughs, and deep, angular kettles. This complexity is brought out by the 
topographic sketeh, Plate VI, C. 

The greater part of the southern moraine is made up of compound ridges of the type 
described. Among the especially characteristic portions may be mentioned that lying south of 
Peconic River between Manorville and Riverhead, that north of East Quogue, and that between 
Hampton Park, north of Southampton, and Sag Harbor. 

DEPRBS8BD MORAINES. 

There is some doubt as to the propriety of applying the term "depressed" to moraines, 
as well as to that of considering the particular form of accumulation which it here denotes as a 
moraine at all. Yet this form occurs in so many places on the island that some term is needed 
for it, and the one given above was selected as best indicating its nature. In brief, the term is 
applied to irregular marginal accumulations developed along the ice front in line with the 
normal morainal ridges but failing to rise above the adjacent outw^ash. The ''depression" is 
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due rather to the nonaccumulation of morainal material than to an excess of outwash. The 
conditions of its formation are brought out in figure 12. Its mode of formation differs from 
that of the normal stratified moraine chiefly in the size and carrying capacity of the glacial 
streams that formed it, the water issuing in large volumes instead of rivulets and forming broad 
outwash aprons instead of the ordinary cones and ridges. The total accumulations, however, 
are not necessarily greater than those in front of the normal moraine. The topography of the 
depressed moraine is ordinarily similar to that of the compound ridges, exhibiting the same 

4f irregular kettle and knob as- 

'\ pect. In some places, where 

the morainal deposits are thin^ 
the accumulations have little 
more than blocked the previ- 
ously existing valleys of the 

Figure 12.— Section showing relation between depressed moraine and outwash. a. Head ol underlying land SUrfaCCS, and 
oatwash plain; 6, exposed part of depressed moraine; c, supposed buried part of depressed _..__ t^ffl^a ^f Iowa qi«» ^nA 
moraine; d, normal profile of moraine. many Keiues OI large Size ana 

great depth remain. 
The most conspicuous depressed moraines along the northern ridge are in the region east 
of Port Jefferson station, where the kettle valleys above described are also best represented 
(PL VII, B), In the southern ridge the depressed moraines are best seen at the gaps in the 
hills between Yaphank and Shinnecock, although good examples are found near Ronkonkoma, 
farther west, and at several points between Sag Harbor and Easthampton, on the east. In 
some localities the morainal material is scanty and the north edge of the outwash approaches 
the simple ice-contact slope in form. 




OEPRCSSEO MORAINE OUTWASH 



GENERAL FEATURES. 



The topography of the moraines of Long Island varies widely according to the character 
of the materials of which the ridges are composed, those made up largely of till differing greatly 
from those composed mainly of stratified material. The presence of till in a moraine indicates 
deposition in direct contact with the ice, partly perhaps beneath its mai^ginal portions, hence 
many such accumulations take on the subdued contours characteristic of formations overridden 
and rounded by glacial ice. Under such conditions the tendency is to form a more or less con- 
tinuous belt made up of small masses exhibiting something of the ridge form and separated by 
intervening troughs or basins. The ridges are lower and more roimded and have gentler slopes 
than the stratified moraines, and the depressions are more regular and shallower and have less 
steep sides. Another feature of the till moraines is the essentially continuous character of the 
ridges, gaps such as those foimd in stratified moraines at many places (where they mark the 
emergence of glacial streams) being relatively rare. Cones and sharp ridges of drift are practi- 
cally unknown. The till type of moraine is best developed in that part of Long Island included 
in Greater New York (PI. VI, 5, p. 32). 



MORAINES DUE TO ICE SHOVE AND DRAG. 



Little evidence of the competency of ice shove as a cause of morainal accumulation is 
afforded by existing glaciers, the tendency nearly everywhere being for the ice to override a 
mass of material in its path and drag it away little by little instead of pushing it along. At 
times, however, the ice evidently developed a tremendous power to push (pp. 201-207), the 
result of which was the formation of immense folds in the overridden material, some of them 
reaching an elevation of 100 or 150 feet, and the development of numerous faults, in both of 
which the positions of large masses of material were noticeably shifted. 

This shoving action was most conspicuous during the Montauk ice invasion, but was also 
developed to a considerable extent in the Wisconsin stage, during which the moraines under 
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<lbcussion were formed. The action was moat pronounced where the ice'encomitered scarps 
orothermarked irregularities of surface, such as projections from hills or ridges between vaUejs, 
especially where the trend of the topographic features was at a considerable angle with the ice 
movement, as shown in figure 13. Under such conditions the previous topc^raphy was in many 
places greatly modified, partly by the shoving of the points, as near.il, figure 13, partly by the 
pushing up of material in converging valleys, as at B, and partly by the breaking down of divides 
and the dragging of the material into the adjacent valley, as at C. Thus in the figure a ridge 
would cross the valley at A, both sides of the valley would be broken down, a small ridge and 
kettle would be formed at B and a larger one at C, the result being a topography such as is 
shown in figure 14. These figures show how the ice in passing over a region of diversified 
topography changes the surface to the morainal type, consisting of 
irregular hills and kettles. 

Examples of topography of this type, which is truly moraina), 
inasmucli aa there has been an actual movement and redeposition 
of material, abound on Long Island, being observable at dozens of 
points scattered over the Manhasset plateau north of the main ridge 
of the Harbor Hill moraine and especially on Great Neck between 
Huntington and Centerport harbors, where there are several drift- 
obstructed valleys. Other good examples are afforded by the Shin- 
necock Hills and the hills between Napeague and Fort Pond bays, 
Montauk. In neither of these localities, however, are the surface 
irregularities due entirely to ice shove, a mantle of dune sand mate- 
rially altering the surface relief of the Shinnecock if not of the Montauk fioum i3.-HjT>oiheUisi dnOaxa 
hills. The former were covered with drifting sand hills when visited 'y't*™ Jf i«»e»"isb«rciMi).tog 
by Timothy Dwight as late as 1822. atuwninepoinuiiaiDflKiiniNiv- 

A second type of ridges due to ice shove but not truly of morainal J^]^t!^ "ti^S^'kl' """^ 
character, although the resulting topography has a decidedly morainal 

aspect, is produced by folding. The best development of this type b found on Gardiners Island, 
where the folds form several topographic ridges of considerable size. These ridges rise and fall, 
bend, separate, unite, cross, and mei^e into one another with an irregularity simulating that of 
a moraine, although generally preserving a marked alignment of features parallel with the ice 

mai^;in. Considerable material has at the same time been trans- 
■ — ^ .^^-^ ported orremoved by the ice. Taken as a whole, the structure must 

be regarded as intermediate between a true fold and an ice-shoved 

moraine similar to that between the Shinnecock Hills and Montauk 

Point. 



In the class of pseudomoraines are included certain ridges of the 

north shore which, although not of glacial origin, are so intimately 

associated with the moraines and so closely resemble them that 

they demand consideration here. 

i?/ From a point a Uttle east of Port Jefferson to Orient Point 

"Z^.'.'.T.lZ^SSuX'Si' the mominal ridge hugs the coMt, capping the tops of the bluffs 

ovecriddm by giKiai i™. Pointaj, that luie the shote. The ridge is practically continuous, and at 

first sight the moraine appears for the most part unbroken. At a 

number of places, however, sections along valleys cutting the ridge 

show that, although it possesses a kettle and knob topography indistinguishable from that of a 

moraine, it is in reahty composed entirely of wind-blown sands (PI, VIII), the true morame 

being entirely absent. In fact, it is not unlikely that considerable areas of the ridges mapped 

as moraines are only pseudomoraines composed of dune sand, although they may contam a core 

of morainal drift. 
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OrrWASH DEPOSITS. 



The outwash is the most extensive of the Wisconsin deposits on Long Island. At first 
sight, in fact, it appears to cover fully two-thirds of the surface of the island, but closer exami- 
nation shows that the great plains stretching southward from the morainal ridges are in reality 
composite surfaces made up of outwash and projecting swells of older materials (Manhasset). 
Notwithstanding its wide extent, the outwash as a whole is not normally developed, the Man- 
hasset formation even where buried exerting through its kettle valleys and allied features (p. 42) 
a iumnUhriihh influence on the topography. LocaUy, however, especially near the moraines, 
several typical forms of outwash plains are represented. 



OVTWASH DXPOIXTS ADJAOIVT TO MORAmS. 

8I1CFLE FANS. 



The simplest form of outwash accumulation is the fan-shaped deposit made by water 
isHuing from the ice front at a single point. These fans are closely related to the bolated cones 
di*s(Tibed in the discussion of the moraines but differ from them in that the points of emergence 
of t he ff^eding streams were usually lower down in the ice, and the volume of outflow and conse- 
([uently the transporting power were materially greater. The amoimt of water in the streams 
fonning the simj)le fans was, nevertheless, not very great, the streams deploying almost imme- 
diately on their emergence from the glacial sheet and depositing close to the margin the material 
l>rought in suspension from the ice. The fans thus formed are usually small, being from half a 
niih) to a mile or two in diameter, and have a comparatively steep slope, not imconmionly reach- 
ing 40 to 00 fe(^t in a mile. They lie at short intervals along the southern moraine, the individual 
funs, although confluent at their outer margins, still being distinctly recognizable. Along the 
north(*m moraine the plains are flatter, and the component fans are usually distinguishable 
only with difficulty. In general the fans head against the morainal ridges rather than at gaps 
in them, the streams that came through the gaps apparently being more powerful than those 
that produce the fans and carrying their load to a greater distance before depositing it. The 
nonnal outline of an outwash fan is semicircular, but very few fans have this simple form, the 
ilireclion of currents, the variation in the supply of material, and the character of the under- 
lying surface all tending to produce unsymmetrical outlines. The individual fans are not 
commonly of a magnitude to be brought out with any degree of clearness by 20-foot contours, 
but indications of them may, nevertheless, be seen at many points on the topographic map. 
Tlu\y are specially noticeable along that part of the moraine lying south of Peconic River. 



CONFLUENT FANS. 



In the same way that the simple fan is related to the isolated morainal cone the group of 
confluent fans is related to the confluent cones and ridges of the moraines and like them repre- 
sents the discliarge of a number of adjacent contributory streams. The spacing of the con- 
ihumi fans, however, is not necessarily so close as that of the confluent cones, the greater spread 
of the fans allowing them to unite at much greater distances from their heads. The spacing of 
many of the confluent fans is less than a mile, but the feeders of some were several miles apart. 
All gradations in the form of the confluent fans, from those in which the individual fans of the 
group l)iirely touch at the edges to almost completely confluent forms, are observed on the 
island, but even in the gn)ups of the latter type the heads of the component members can in 
1/1hc(»s be distinguisluul. The confluent outwash groups range from 1 mile to 6 miles or more 
in diameter. The slope ranges fnm\ 40 feet in a mile near the moraines to 15 or 20 feet a few 
miles awa>. 

The best example of sucli a gn>up of fans on Long Island is probably the plain bordering 
\\w Uonkonkoma moraine from the Ilalf Hollow Hills eastward to Central Islip station, which 
embraces eight or more separate fans, at least five heading along the south side of the Diz 
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Hills and three or more along the moraine east of the gap north of Edgewood, the principal 
centers of dispersion being north of Edgewood, Brentwood, and Central Islip stations, respect- 
ively. (See topographic map, PL II, in pocket.) Another fine group of confluent fans is 
found in the vicinity of Hicksville, the component parts heading at gaps in the moraine 
instead of against the moraine, as is more common. Other typical groups center in the vicinity 
of Prospect Park, Brooklyn, and near Richmond Hill, west of Jamaica. The great fan groups 
of eastern Long Island are so broken and modified by Manhasset remnants that their typical 
character is lost. 

OUTWASH DSPOSXTS BI8TAVT raOX MGRAINSS. 

CONFLUENT PLAINS. 

In the same manner in which the fans unite to form groups the groups eventually unite 
into broad confluent outwash plains. The imion of the groups commonly takes place at a dis- 
tance of 2 or 3 miles from the moraine, but the distance may be considerably greater where 
the groups are separated by older ridges, as at the Mannetto Hills, where the Hempstead and 
Huntington-Babylon groups do not imite until they reach a point 6 miles south of the moraine. 
The lobate character of the contoiu^, which is strongly marked in the fan groups (see PI. II, 
in pocket), becomes less distinct in the confluent plains, the contours taking on broader curves. 
Thus in the Hempstead, Westbury, East Williston, and New Hyde Park groups, which unite 
to form the Hempstead Plains, the lobate contours are very noticeable, but in the resulting 
plain the individual curves disappear and the contours, aside from the minor bends at the 
drainage creases, show only a single broad curve, best indicated by the coast line extending 
from Jamaica east to Massapequa, a distance of 16 miles. The slope of the plains decreases 
progressively from the heads of the fans near the moraine and is commonly reduced to less than 
15 feet and in many places to hardly more than 10 feet in a mile along the shore. Where the 
outwash plain is weU developed one may look over its flat floorlike surface for miles without 
observing any irregularities other than its channels. 

The individuai outwash plains, such as the Hempstead Plains, unite with other plains, 
such as those of Babylon and Islip, to form a broad outwash belt reaching for many miles along 
the south side of the island. The greatest stretch of pure outwash (free or nearly free from 
Manhasset projections) is formed by the imion of the plains mentioned, the extent of the belt 
from west to east being over 30 miles. 

If the composite plains (Manhasset and outwash) east of Connetquot River are combined 
with these more tjrpical plains they form an almost imintemipted outwash plain from Brookljm 
to Promised Land, a distance of more than 100 miles. 

COMPOUND PANS. 

The term compound is applied to certain groups of fans differing from the normal con- 
fluent type. Among the more important of these compound forms are those termed successive 
fans, which are analogous to the double and compound ridges of the moraines, being formed by 
deposition at successive stages of retreat of the ice margin. The chief points of difference are 
the greater vt)lume of water taking part in their 
formation and the greater distance between the 

stages of halt. The relations of successive fans to figure 15.— I*rofile of a compound outwash fan of successive- 
one another is shown in cross section in figure 15. ^ ^^' 
Suggestions of fans of this type were observed at a niunber of points, but few show a develop- 
ment as strongly marked as that indicated by the figure. One of the most accessible examples 
is found on. the road south o£ Selden, where two or more southward-sloping fans with relations 
sunilar to those shown in the figure are seen. 

SECONDARY OUTWASH PBATURE8. 

Besides the broader outwash features described in the foregoing sections there are many 
minor features that modify the general topography. Chief among these are the channels and 
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Talleys that cross the plains at short intervals. Many of these are sharply defined and of 
considerable width, seve^l being a mUe or more ac«>9s. The various types, representing several 
distinct modes of formation, are described on pages 45-48. 

Next to the valleys, the most important of the modifying features of the outwash area are 
those portions of the Manhasset surface which project above the outwash at many points. 
The continuity of the outwash surface is also broken by many kettles representing buried ice 
masses, which are considered at length in the next section. Still another source of irregularity 
is the extramorainal fosse described in connection with the other types of valleys (p. 47). 

KETTLES. 

To its glacial kettles Long Island owes many of its most pleasing features, including the 
hollows and basins which help to make the north shore an attractive residence district, the 
lakelets among its hills, the broad fresh-water ponds, such as Lake Ronkonkoma, and appar- 
ently even certain of its bays. In few regions is more diversity of type, exhibited by kettles; 
in fact, it is difficult to imagine a greater range of form than is found on Long Island. This 
diversity is due to the differences in the conditions of their origin. 

KXTTLEB OF THB TILL MOSAnfSS. 

As pointed out in the discussion of the topography of the till moraines (p. 34), the basins 
in deposits of this type are relatively shallow and have gently sloping sides and comparatively 
regular outlines, their flowing contours being strongly contrasted with the highly irregular 

outlines of the stratified moraines. This 
characteristic is brought out by the cross 
section shown in figure 16, a comparison 

FIOUBE 16.-Nonnia profile of tm moraine. ^f ^V.;^k «,;*U fU^f ^/ ^o..,.^ i 7 «^ 1 1 «l,^«r 

of wnicn with that of figure 17 will show 
the difference in profiles between the two types of kettles. So marked are the differences that 
they are even brought out by the 20-foot contours of the topographic map. Plate VI, B (p. 32), 
is a reproduction on an enlarged scale of a portion of the topographic map showing the till 
moraine north of Jamaica, and Plate VI, C, represents a typical portion of the stratifled moraine 
south of Riverhead. 

The kettles of the till moraines usually mark the depressions between two accumulations 
of different stages rather than the sites of buried or projecting ice blocks, and have much less 
range in size than those of the stratified ridges. In fact, a kettle less than 100 feet or more 
than a quarter of a mile in diameter is exceptional in a till moraine. The tendency is toward 
elongated forms with the major axes parallel with the ice margin. Depths of more than 30 
feet are rare, and the kettles are relatively isolated. 

KBTTUtS OF THB STRATIFIEI) MGRAINXS. 

As can be inferred from the conditions of formation of the stratified ridges (p. 33), their 
kettles are both more diverse and more numerpus than those in the till moraines. Although 
shallow basins similar to those of the till ridges occasionally occur, the great majority of the 
kettles are relatively deep and steep-sided, the normal con- 
tour being similar to that shown in cross section in figure 17, 
which is in marked contrast to that of the till moraine, fig- 
ure 16. The kettles of the stratified moraines represent in ^ ,, vt , «. ,^ .,«^ ,_ 

.-^ Figure 17.— Normal profile of stratified moraine. 

part the depressions left by melting ice blocks, m part the 

hollows between successive ridges or other forms of stratified accumulation, and in part depres- 
sions between heaps of ice-shoved materials. They have, therefore, a very great range, both 
in size and in form. Basins hardly 15 feet in diameter are observed here and there; and, on 
the other hand, some of the kettles have a diameter of one-fourth of a mile or more. In 
outline the kettles are equally varied, all forms from rounded depressions of the Lake Ron- 
konkoma type to elongated and branching kettles such as Great Pond, south of Riverhead, 
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being observed. The elongation, however, does not usually bear any close relation to the 
trend of the ice margin, and few linear groupings are noticeable, the common tendency being 
to an arrangement in crowded groups, as in the hills south of Riverhead. (See PI. VI, C.) 



KETTLES OF THE OTTTWABH DEPOSITS. 



KETTLES FROM BURIED ICE BLOCKS. 




FiouBE IB.— Section fllustratJng the formation 
of a kettle i^om a buried ioe mass, o, Buried 
ioemass; 6, original outwash surface; c,8trac- 
tuxeless sands occupying space of melted Ice 
mass; d, resulting kettle. 



The simplest and least conspicuous of the kettles are those resulting from buried blocks 
of ice. The manner of their formation is brought out by figure 18, in which a represents an 
ice mass buried beneath the stratified outwash, h. On the melt- 
ing of the ice the overlying sands or gravels are let down upon 
the underlying surface, as at c. The lower layers of the out- 
wash are broken down into a confused mass, but the higher beds 
show only moderate sagging, and the surface is marked by a 
shallow basin with gently sloping sides, d. This is the typical 
form of buried-block kettles, but where the ice masses are larger 
and the covering of outwash relatively thin the kettles are of 

greater depth and their sides much steeper. In fact, all gradations between kettles from 
small buried blocks and those from large projecting masses are found. The kettles originating 

from completely buried blocks have as a class one dis- 
tinctive characteristic, namely, the universal absence of 
bowlders from their surfaces; but as bowlders are likewise 
lacking in many pro jec ting-block kettles (where the ice was 
free from englacial rock masses), this characteristic does not 
afford a criterion for the recognition of individual buried- 
block basins. Other negative characteristics of kettles of 
this class are the absence of rims, either of till or outwash, the absence of terrace or shore 
features, and the absence of drainage channels leading outward from the depressions. 



SHhJ«»»^^rJHi^ 




FiouRE 19.— Section illustrating the formation of a 
kettle from a projecting ice mass, a, Projecting 
ice mass; &, kettle resulting from the melting of 
similar ioe mass. 



KETTLES PBOM PROJBCTINO ICE MASSES. 




FiouBX 20.— Section Illustrating the relation be- 
tween the slopes of kettle sides and the shape of 
melted ice mass, a-a, Steep kettle side resulting 
from steep ice face; b-b, gentle kettle side result- 
ing from sloping ice face. 



Fiynnaliion. — ^The most characteristic and conspicuous of the outwash depressions are the 

kettles that result from the melting of large ice masses rising above the level of the surrounding 

outwash, as shown at a, figure 19. During the melting of 

masses of this type the materials banked against the ice are 

let down and the debris contained within the ice is set free 

and is left strewn over the bottom and sides of the kettle, 

as at 6, figure 19. Few kettles of this type are entirely free 

from bowlders. 

Steepness of sides, — ^The material let down as a broken 

mass around the perimeter of the depression rests with its 

surface at an angle which depends to a large extent on the profile of the ice border. Where 

the ice presented a vertical face the material on slumping took the steepest angle possible, its 

''angle of repose '* giving slopes as high as 30° to 
35° in some kettles (fig. 20, Or-a) ; but where the 
ice presented a sloping face the material when 
let down lay at a much lower angle (fig. 20, h-h). 
Where the ice faces were regular the kettle sides 
are Ukewise regular (fig. 21, Or-a); but where the 
mass of ice was irregular the slopes that resulted 

from its melting are correspondingly irregular (fig. 21, h-h). 

Farm. — The shape of the outwash kettles is of great irregularity, every form from simple 

circular or oval to highly branching (PI. XX, p. 116) or long linear channels being noted. Some 

of the more conspicuous kettles are listed on the next page. 




FiouBS 21.— Section Illustrating the relation between the slopes of 
kettle sides and the shape of melted ice mass, a-a, Even slope 
resulting from melting of regular ice margin; b-b, Irregular slope 
resulting from the melting of irregular ice margin. 
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Typical kettles of Long Island. 

Circular or oval: 

Lake Ronkonkoma, 1} miles north of Ronkonkoma station. 
Irregular oval: 

Lake Success, 2 miles south of Manhasset. 

Artist Lake, 1 mile east of Middle Island. 

Swan Pond, 2 miles northeast of Manorville. 

Great Pond, 2 miles southwest of Riverhead. 

Watermill Pond, near Watermill. 

Poxabogue Pond, 1 mile east of Bridgehampton. 
Branching: 

Kettles, southeast of Huntington station. 

Kettles, southwest of Huntington station. 

Kettles, 2 miles southwest of Rocky Point. 

Dix Pond kettle, 1 mile southeast of Wading River. 

Long Pond kettle, 2 miles southwest of Wading River. 

Mattituck Inlet, near Mattituck. 
Linear: 

Kettle, 2 miles west of Middle Island . 

Kettle, 1 mile south of Fresh Pond. 

Scuttle Hole, 2 miles northwest of Bridgehampton. 

Size, — The normal outwash kettles range in diameter from a few rods to about a mile. In 
many of the linear kettles, however, as seen in the table on page 43, the longer axes are from 

2 to 4 miles in length. Although the 
great bays between the North and 
South flukes are not typical kettles, 
there is reason to believe that they 
owe their existence to nondeposition 
of outwash drift resulting to a certain 
extent from the presence of large ice masses in these basins. In a way, therefore. Great and 
Little Peconic bays may possibly be regarded as kettles, in which case the maximum diameter 
of such depressions would be increased to nearly 6 miles. 

Depth, — Many kettles of the outwash deposits are of considerable depth, their bottoms 
standing from 20 to 60 feet or more below the surrounding region. Examples of the deeper 
kettles are given in the foUo^dng list : 

Deeper kettles of Long Island. 




Figure 22.— Section illustrating the formation of kettle terraoes by the melting of ice 
maaaos of rapecial sliapos. o-a, Imperiect torraop; ft-6, regular terrace; c, toe mass. 



Lake Ronkonkoma, 1 mile north of Ronkonkoma station 

Kettks, 1 mife south of New Village 

Krttip, 1 mile southwest of Rocky Point station 

Krttk*, 1 mile southeast of Wading River station 

Ki*ttl(% Imlle northeast of Baiting Hollow 

Scuttle Hole, 2 mik>a northwest of Bridgehampton 



Elevation 
ofsur- 

rounding 
surfsoe. 




Depth. 



Fed. 



50 
85 
80 
82 
80 
40 



Terraced Jcettles. — By terraced kettles are meant those showing flat benches on their sides 

at levels intermediate between the bottom and the rim. They appear to have at least three 

pOHsible modes of formation. Probably the most common mode is by the melting of basal 

« projections of the ice masses, as shown in figure 22. Few such terraces are perfect, most of 

them showing some irregularity that betrays their origin. 

A second type is due to the shrinkage of the ice mass (a, fig. 23) and the deposition of 
materials set free from the melting of the remaining block (6, fig. 23) in the space (c, fig. 23) 
between it and the inclosing outwash. It is difficult in the absence of sections to verify the 
existence of the conditions indicated, but that the ice may carry sufficient detritus to form such 
a terrace is proved by the presence of local outwash rims in a number of places. The amount 
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FiouBE 23.— Section illustrating the formation of depositional terraces between ice mass and 
kettle wall, a. Original profile of ice mass; b, later form of melting ice maes; e, sands and 
gravels deposited between ioe and kettle wall. 




FiQXTRE 34.— Profile of terraced kettle near 
Lake Grove. 




of drift in the lower part of glacial ice is almost invariably greater than in the higher parts, 
hence sufficient material to form a terrace within a kettle might be set free, even where no out- 
wash rim was formed by the melting of the upper portion of the ice. 

A third type of terrace 
seems to have resulted from 
erosion in the free space 
between the shrinking ice mass 
and the kettle walls, due either 
to the action of waves upon the 
gravel or sandy sides or to the 
sweeping of currents around the 

perimeter of the ice block toward the drainage channel which leads away from the kettle. Ter- 
racing of this sort is of minor importance except where combined with deposition, as in the type 

last described. 

Terraces were observed in a considerable number of kettles, 
especially in the eastern part of the island. As this region was 
examined without a map (before the topographic survey by the 
United States Geological Survey), it is generally impossible to 
give locations with sufficient accuracy to make them of value. 
Some very distinct terraces may be seen where the road crosses the deep kettle valley three- 
fourths of a mile northwest of Lake Grove and about 3 miles east of Smithtown Branch 
(fig. 24). Kettle terraces, however, are not usually persistent, and these die out within a few 
hundred feet. 

Kettle rims. — Elevated rims are formed 
around the edge of certain kettles by mate- 
rials set free by the melting of the ice masses 
to which the kettles are due. Three forms 
have been recognized. The most common form is probably the outwash fan (a, fig. 25) formed 
by the spreading out of fine materials over the surrounding outwash by rills from the melting 
ice. These fans are generally so flat as to be recognized with difficulty, but the slopes of 

some are steep and the fans are easily recognized when 
seen in profile. 

A second form, much less common than the preced- 
ing, is represented by more or less conical heaps (a, fig. 
26), analogous to the cones of a moraine (p. 32) and 
formed by small rills issuing from the ice several feet 
above the surface of the outwash plain. 

The third form is similar to the second and consists of irregular heaps of till or lines of bowl- 
ders (6, fig. 26) that have sHd from the ice face as it melted, without the intervention of water. 

In the absence of sections it is difficult to 
distinguish rims of the second and third types, , 
but the first type is more readily recognized. 
The best example was reported by D. W. John- 
son at a point near the gap in the moraine about 
2 miles northwest of Southampton. The drawing representing this kettle rim in Mr. Johnson*s 
notes is reproduced in figure 27, in which the view is northwest, the direction of movement of the 
outwash being toward the northeast. The notes of Mr. Johnson also record '* delta-Uke scallops, 
probably the discharge of melting ice blocks " near the north end of the Scuttle Hole kettle valley 
northwest of Bridgehampton. An example of what appears to be a till knoll is found bordering 
a kettle about a mile southwest of Cutchogue olx the road to Mattituck, at an elevation of about 
15 feet above the surrounding plain. Knolls of drift of intermediate or indeterminate types 
border the kettle valleys between Riverhead and Baiting Hollow and the kettles at the fair- 
ground southeast of Huntington station. 



FiouBE 25.— Profile of kettle with outwash rim (a). 




FiQUBE 26.— Kettle rims, a, Till rim; b, bowlder rim. 




FiouEE 27.— Outwash rim adjoining kettfe 2 mik»s northwest of South- 
ampton. (From sketch by D. W. Johnson.) 
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DOUBLE KETTLES AND KETTLE CHAINS. 



A- — 



' B 



Double kettles are exceedingly numerous on Long Island ; in fact they probably outnumber 
the simple isolated kettles. Examples are sho>\Ti at many points on the topographic map. Twin 

lakes are present in many such kettles. Not only are double kettles com- 
mon, but triple kettles are not unusual and in some places, as in the area 
northwest of Riverhead (PL IX, C) and in the Scuttle 
Hole locality northwest of Bridgehampton (PL IX, A), 
a considerable number of more or less connected kettles, 
which may be here appropriately called kettle chains, are 
found. 

In the double kettles and kettle chains the barriers 
separating the component members are nowhere as high 
as the surrounding plains, as a rule being not more than 
15 or 20 feet above the kettle bottoms. Generally these 
separating ridges retain their original irregular or rounded contour, but 
well-defined notches cut by flowing waters connect some adjacent kettles. 
The channel mentioned in the description of the Scuttle Hole kettle, below, 
is typical of the class. 




Figure 28. — Pre-Wisconsin 
drainage system in Man- 
hasset formation. A-B, 
Line of section of figure 30. 




Figure 29.— Kettle valley 
system remaining after 
the melting of Wisocxisin 
ice masses. A-B, Line 
of section of figure 31. 



KETTLE VALLEYS. 



, •»• I ■. f ! 



=^ Ice 77 



r.r^ 



Oufwash 



Manhasset formation 



'^^ 



dl^c^y^i^^ 



Figure 30.— Cross section along the line A-B of figure 28, showing re- 
sidual ice masses partly buried by outwash. 
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Figure 31.— Cross section along the line A-B of figure 29 after melting 

of ice masses. 



Oufwash level 



In no other part of the glaciated area of 
America which has come under the writer's 
observation are kettle valleys so weU developed. 
They are, in fact, among the most distinctive 
topographic features of Long Island. Briefly, 
they may be defined as long linear or branching kettles marking the positions of snow or ice 
masses that lay in the valleys of a previous surface and were covered with outwash. The con- 
ditions of their formation are brought out by 
figures 28 to 32. Figure 28 shows in plan a 
normal drainage topography, such as character- 
ized the Manhassot surface at many points 
before the advent of the Wisconsin ice sheet. 
Figure 30 is a cross section along the line A-B of figure 28, showing the valleys occupied by 
snow ice or by residual ice masses left by the glacier during a recession, together with a covering 

of outwash spread over valleys and ridges alike. 
Figure 31 shows a profile along the same line 
after the melting of the ice masses of the valleys. 
Where the ice filling a valley was of uniform 
thickness and melted at a uniform rate, an open 
valley resulted, but where the ice was of irregular thickness and melted at differing rates in 
different parts the overlying outwash was let down more or loss iiTogularly, being thin or lack- 
ing in some places and of considerable thickness in others. ^Vhere it was thick the old valleys 
have been almost invariably more or less obstructed and have been converted into a series of 
elongated kettles, as shown in profile in figure 32 and by the contours in figure 29. The kettle 
valleys of Long Island are not only numerous but large. Some of the more prominent are listed 
in the table on page 43. 

The Scuttle Hole kettle channel is described in the field notes of D. W. Johnson, as follows: 

It leads directly southeast [from its head near the moraine] with slight meauders to the big kettle and pond [near 
the railroad]. The gorge is from 20 to 25 feet wide at the bottom, which is flat except where cut by a little trench of 
recent erosion. The sides are abrupt. The gorge ranges in depth from 6 to 8 feet at its [upper] end to 20 or 25 feet 
where it opens into the big kettle. It has two [or more] insignificant lateral branches, both from the north and only a 
few rods long. The channel is cut sharply into the outwash plain, there being no slope toward it [other than tin* 
sides of the valley]. At the east end is a broad shallow kettle. This latter served as a receptacle into which the waters 
accumulated [coming from the northwest portion and cutting the minor trench mentioned]. 




Figure 32.— Profile along the course of the kettle valleys of figure 29. 
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Large kettle valleys of Long Island. 



Location. 



One mile southeast of Huntln{rton station (Fairground) 

One mile west of Middle Island 

Two miles north of Middle Island 

One-half mile east of Middle Island 

Vicinity and north of Lake Ronkonkoma 

Two miles southwest of Rocky Point 

Two miles southwest of Wading River station 

One mile southeast of Wadine River 

One mile south of Fresh Pona Landing 

Three miles northwest of Rlverhead 

Near Mattituck (Inlet) 

TWO miles northwest of Brldgehampton (Scuttle Hole) 



Character. 



Irregular, completely closed 

Long, narrow, branching, partly closed (PL XX, p. 116) 

Irregular branching, partly closed (PI. XX ) 

Irregular, partly dosed, containing Artist Lake (PL XX) 

Highly Irregular, practically closed kettle-valley system (PL X) . . . 

Irregular, completely closed (PL XX) 

Irregular kettle-valley system, partly closed, containing Long Lake 

Branching, contains Deep Pond, completely closed 

Valley, partly open, and kettle chahi(PL IX, D) 

Kettlechahi(PI.IX, O 

Branching, reversed drainage (PL XI, C) 

Kettle chain and valley, mainly closed (PL IX, ^ ) 



Length in 
miles. 



1 
4 
2 
1 
8 
2 
2 
2 
3 
4 
2 
3 




FiQURK 33.— Profile of kettle plain, a. Isolated kettle; b, divide between kettles rising Just 
to level of plain; e, kettle surface with no remnants rising to surftKse of plain. 



PITTED OR KETTLE PLAINS. 

The term kettle plains is here applied to those plains in which kettles are so numerous as to 
be the controlling factor in the topography. All gradations between isolated kettles (a, fig. 33) 
and kettles so closely crowded 

that only the higher rims reach <^ . ' ^ 

to the level of the surrounding 
plain Q)j fig. 33) are found on the 
island. In fact^ not a few of the 
pitted or kettle plains grade oflf 
into irregular surfaces on which no trace of the original plain is left (c, fig. 33). Where the 
kettles are more or less isolated and are separated by flat outwash areas^ as in the plains 
west of Cold Spring station and southwest of Huntington station (Fairground), the kettle- 
plain character is very apparent, but where they are more crowded the significance of the 
topography is less easily recognized. In such places the sky line affords the most reliable 
due. If on looking from one of the higher points, such as & in figure 33, it is found that, not>- 
withstanding the absence of flat remnants, the rounded knobs rise to a nearly uniform elevation 
(as they do in the direction of a) it is usually safe to assume that the surface is a pitted plain. 
An occasional flat-topped remnant makes the recognition much easier. The region northwest 
and west of Riverhead, the district about Bridgehampton, and the coimtry between Riverhead 
and Mattituck are among the best examples of kettle plains. 

KETTLES OF DOUBTFUL ORIGIN. 

About 2 J miles northwest of Babylon, east of the road leading toward the Half Hollow 
Hills, is a shallow kettle large enough to be shown on the topographic map, and a number of 
smaller basins are hidden by the underbrush of the vicinity. Other distinct kettles were 
noted in the vicinity of Farmingdale. The former are more than 10 miles and the latter 
8 miles from the moraine from which the outwash issued and 5 to 7 miles south of the outer 
moraine. There are no evidences that the glacial ice ever extended to this region, and even 
if it did there would seem to be no possibility that ice blocks would have persisted from a 
period antedating the oldest moraine until near the close of the building of the youngest. 
Moreover, in the older outwash of this part of the island there are no kettles. Therefore, as there 
are no evidences of an extramorainiJ ice invasion or of snow-ice masses during the upbuild- 
ing of the earlier outwash, it would seem that the kettles, whatever may be their cause, 
were developed during the formation of the later outwash deposits themselves. The accumu- 
lation of snow or snow ice in channels temporarily dry and the freezing of the smaller deploy- 
ing rivulets of the broad outwash fan and the burial of the ice thus formed by subsequent 
deposits suggest themselves as possible causes. It is to be noted, however, that the basins 
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are ail small and that they lack the sharp and irregular slopes that characterize most of the 
kettles of Long Island, and it may be that they have resulted from some unknown peculiarity 
of deposition. Similar depressions have, in fact, been noted by the writer in the flood-plain 
deposits of Mississippi, Ohio, and Wabash rivers, in whose formation ice has played no part. 

KXTTLXS OF THB KAVKA88ST BITXFAOS. 

Kettles on the Manhasset surface are exceedingly numerous and may be divided into 
those due to ice shove and drag, including obstructed and modified valleys, and those due to 
deposition. In the obstructed or modified valleys resulting from ice shove or drag there has 
been invariably a reworking or readjustment of materials, the accumulations being essentially 
moraind. The formation of kettles in this manner has been discussed in connection with 
moraines (p. 35, figs. 13 and 14). The kettles due to deposition are represented by the kettle 
valleys and kettle chains described in. the preceding section. 

P8XVDOKBTTLX8. 

Besides the true kettles, comprising hollows between glacial ridges and basins left by 
melting ice masses, there are on the island several other forms of undrained depressions. Among 
these may be mentioned the unfilled areas between the moraines and the confluent outwash 
fans (p. 47), the sharp-angled, kettle-like basins and troughs of the sand-dune areas, and the 
irregular depressions in landslide surfaces. In wet seasons small pools fprm in the landslide 
depressions and small shallow temporary ponds gather among the dunes. 

VALLEYS. 

The valleys of Long Island exhibit a wide range of form according to the conditions under 
which they were produced. The types include those formed by glacial waters as well as those 
made by ordinary streams; all ages from early Pleistocene to Recent are represented, and both 
original and modified forms are found. 

PBS-IIAVHBTTO VAZXBTS 

The oldest valleys on Long Island of which a record exists are those eroded in the Cre- 
taceous formations before the deposition of the Mannetto gravel, but as these were completely 
filled by the gravel deposits they have no direct topographic expression at the present time. 
Nevertheless, as is pointed out elsewhere (p. 29), they exerted an important indirect influence 
on the subsequent topography by their control of Mannetto deposition. The deposits of the 
Mannetto reached lesser elevations in the broad, low Cretaceous lowlands than over the higher 
surfaces, as a result of which the post-Mannetto erosion tended to follow the lines of the earlier 
drainafi:e. 

VAZXBT8 nr MAHVSTTO ORAVZL. 

The valleys of the Mannetto gravel differ greatly in extent, all sizes, from the small notches 
around the borders of the plateau remnants, as in the Mannetto Hills (PI. Ill, p. 28), to broad 
lowlands many miles across, being represented. Of the latter, the so-called Jameco Valley, 
crossing the island from north to south in the region between Hempstead and Brooklyn and 
occupied by the Jameco gravel, is the best example, but inasmuch as it is a buried valley rather 
than a feature of the present topography it need not be considered further. 

Intermediate between the larger and smaller valleys mentioned are the valleys of the hiUs. 
In the YTheatley Hills, the most westerly considerable remnant of the Mannetto gravel, the valleys 
radiate to the southwest, south, and southeast from the crest near Wheatley village (PI. VI, 2>, 
p. 32). Originally the valleys were probably deep and V-shaped and were separated by fairly 
straight, flat-topped interstream ridges, probably not unlike those in the younger deposits on 
the south side of the Half Hollow Hills (north and northwest of Wyandanch), valley depths of 
100 and 150 feet being not improbable. Owing to the passage of the various ice sheets over 
them, however, the valley walls have been broken down, the minor ravines largely obliterated. 
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and the main valleys obstructed and more or less filled with both till and stratified drift, giving 
the whole area a decidedly morainal superficial aspect, although the major contours, as brought 
out by the topographic map, are plainly due to erosion. The hills apparently represent a 
Mannetto surface dissected to the extent that the valleys met from all directions about a central 
crest and were separated by sharp ridges. The crest and ridges probably stood not far from 
the level of the original Mannetto surface, but little or nothing in the shape of flats at this 
altitude appears to exist. It is to be noted that the valleys on the north side of the hills have 
been completely obliterated by the ice sheets and their deposits. 

The Dix Hills and the small mass of hills northwest of them are very similar in their topog- 
raphy to those near Wheatley, showing the same obscured or obliterated valleys on the north 
side, the same modified and partly filled valleys on the south, and the same superficial morainal 
topographic features. The dissection appears, however, to have been less advanced than in 
the Wheatley Hills, and it is probable that in the central part of the Dix Hills there were several 
remnants of the original Mannetto surface standing at an elevation of about 300 feet and having 
a considerable extent, although less than in the Mannetto Hills. 

The Mannetto Hilb afford the best^preserved examples of unmodified valleys in the Man- 
netto gravel, as only the north end of the hills was overridden by ice. The rough parallelism 
of the valleys and the lack of conspicuous branching, features which are so noticeable in the 
Wheatley Hills (PI. VI, D, p. 32) and on the southeast side of the Dix Hills, are even more 
conspicuous on the Mannetto Hills, especially on their west flanks (PI. Ill, p. 28). All the 
valleys have served as channels to conduct glacial drainage southward from the ice front as it 
laid along the moraine, hence they are considerably modified from the pre- Wisconsin forms. 
Several fine terraces may be seen in the valleys north and northeast of Plainview. It is notice- 
able that many of the longitudinsd divides separating the valleys are reduced considerably 
below the 280 to 300 foot level (that of the Mannetto surface), although a few remnants, usually 
flat topped, occur well out on the spurs, as is shown by the topographic map. The chief renmant 
is found in the flat-topped ridge, in places of considerable width, stretching southward from the 
moraine to the vicinity of Bethpage. 

The valleys of the Mannetto gravel above described were mainly developed in the post- 
Mannetto stage, immediately following the Mannetto deposition, for the distribution of the 
succeeding formations, including the Jameco, Gardiners, Jacob, and Manhasset, shows that 
relatively little further erosion took place jafter that stage, although* trenching continued near 
the heads of the streams among the hills, as in the Wheatley, Mannetto, and Dix masses, until 
the covering of the hills by Wisconsin drift and to a less extent until the present time. The 
valleys of the east side of the Mannetto Hills extend considerably below the level of the Man- 
hasset (as represented in the Bethpage and Half Hollow HilT remnants) and therefore belong 
to a postr-Manhasset period of erosion. 

OLDBB VAZXBTS IV THE KAVHASSET FORMATZON. 

The valleys in the Manhasset formation are everywhere conspicuous features, cutting the 
formation from its surface at an elevation of 200 feet or less to a point considerably below 
sea level. As post- Wisconsin erosion has accomplished little more than a slight notching of 
the' bluffs and steeper hillsides, practically aU the valleys shown on the topographic map belong 
to the older or pre-Wisconsin group. Most of them do not, however, show the original forms, 
for, with the exception of the Nissequogue Valley near Smithtown (PI. X, p. 46), there is 
nowhere in Long Island a Manhasset valley of notable size that has not been materially modi- 
fied by ice action or the deposition of glacial d6bri3. In many valleys, however, the modifica- 
tion was confined largely to the deposition of a superficial mantle of drift which, although 
giving rise to minor irregularities that in places simulate low morainal accumulations 6n the 
valley sides, does not obliterate the chief characteristics. The valley at Glencove, that of 
MiU Neck Creek, other valleys near Oyster Bay, the Cold Spring valley, and the valleys east 
of Northport are examples of this class. 
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When the action of the ice was more energetic or the deposition took place on a larger 
scale^ many old valleys were obstructed and even partly obliterated, the remarkable kettle 
valleys described in detail on page 42 being produced. 

The western half of the Nissequogue Valley at Smithtown is in an area practically free 
from Wisconsin drift and was protected from erosion by a filling of snow or ice. We have 
here, therefore, a practically unmodified remnant of the original Manhasset drainage system 
with its deep, sharp trenches and branching valleys. It is not unlikely that such systems 
existed at many other points on the island but have been materially modified by the passage 
of the ice over them or by more or less complete burial beneath Wisconsin drift. Remnants of 
such modified systems are found north of Lake Ronkonkoma (PI. X), in the vicinity of Middle 
Island (PI. XX, p. 116), near Wading River, and northwest of Riverhead (PI. IX, C', p. 42). 

South of the Ronkonkoma moraine the Manhasset valleys are represented by the short 
V-shaped valleys cutting the Mannetto and Half Hollow hiUs and by the broad, shallow, ill- 
defined valleys leading southward to the coast in regions where the Wisconsin outwash is thin. 
The valleys of the hills mentioned may be taken as representing a type of short valleys such as 
were probably developed also in the high bluffs at many places along the north shore; they are 
now represented by the valleys at the heads of Huntington, Centerport, Stony Brook, and other 
harbors. 

It is difficult to describe with any degree of accuracy the broader Manhasset valleys south 
of the moraine, as it is generally impossible, even on the ground, to differentiate sharply between 
the Manhasset and the outwash gravels. The Manhasset topography was in general low, with 
broad, gently roimded divides and perhaps equally ill-defined valleys, the outlines of which 
were still more obscured by the deposition of the subsequent outwash. A somewhat sharply 
marked valley, however, appears to have led southwestward from the vicinity of Lake Ron- 
konkoma, uniting with another valley from the region east of Hauppauge at a point a little 
north of the railroad, whence it extended southward along the course of the present Connetquot 
River. (See PL II, in pocket.) Apparently its sides rose steeply to a height of 30 feet or 
more above its bottom, and it had many tributary valleys, especially from the east. A smaller 
valley probably entered the sea near Patchogue, and another large one, exceeding even the 
Connetquot channel in size, extended southward from Yaphank. This valley had a width 
of over 3 miles in places and was bordered by bluffs or steep slopes, probably rising originally 
in places to heights of not less than 80 feet above its bottom. Even after receiving the filling 
of outwash from ice along the Ronkonkoma moraine the bottom still stood, near the site of the 
railroad, at least 50 feet below the surrounding Manhasset surface. 

VAIJLBT8 ASSOCIATED WITH THE MOaAIHEB. 

Minor channels, — The simplest class of valleys of the moraines are the small wash channels 
extending down the sides of the morainal cones and ridges. The stratified morainal deposits 
were for the most part built up from small rivulets that were alternately overloaded and under- 
loaded with glacial d6bris. When overloaded the water quickly deployed and ran down the 
surface of the deposits in many streamlets, effecting but little erosion. On the other hand, 
when underloaded the water, instead of spreading and depositing, tended to deepen some one 
of the many channels of the deploying rivulets and to concentrate itself in that single channel, 
which was soon enlarged into a valley of some magnitude. The tendency to form such channels 
was probably most pronounced in the closing stages of morainal building. 

The water in its passage downward followed the natural hollows in the moraine, here 
entering a kettle and there passing around some knoll. At the start the channels were therefore 
of considerable irregularity, but as their development continued they tended to straighten, the 
minor bends being obliterated and only the long, swinging curves remaining. The channels 
are commonly from 15 to 50 feet wide, although some are wider, and are generally flat-bottomed, 
though some are slightly trenched by subsequent erosion. The sides are commonly steep and 
in places rise to a height of 30 feet or more. Remnants of terraces are seen locally, but few are 
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well developed. The slope of the channels is commonly between 1 to 50 and 1 to 25, or 100 to 
200 feet to the mile. Many groups of channels have a semiradial development from some central 
height, but as a rule the channels extending southward are much better developed than those 
running in other directions. The best areas for tracing such channels are in the great irr^ular 
hills of the Ronkonkoma moraine south of Peconic River (PL VI, C, p. 32), southeast of River- 
head, and between Hampton Park (Southampton) and Sag Harbor. 

Kettle channels. — The small erosion channels that mark the pathways of waters escaping 
from an ice block into an adjoining kettle or from one kettle into another (fig. 34) are described 
and examples are given in connection with 
kettles (p. 42). They should not be con- 
founded with the kettle valleys, which are 

of entirely different origin. ^'^^" 34.-Prollto showing a channel between kettles. 

Outflow channels, — The pronounced valleys leading through the morainal ridges and 
conmionly cut to the level of the outwash plains bordering the moraines on the south are known 
as outflow channels. Through them flowed large glacial streams issuing from the ice margin 
or from the waters impounded between the ice front and the moraines; hence their origin 
differed in several essential particulars from that of the minor channels just described. They 
are relatively broad, few being less than 100 feet wide and some from one-fourth to three-fourths 
of a mile. The smaller channels commonly merge into outwash fans, qf which they were the 
feeders, but the larger ones are generally prolonged as definite valleys across the outwash plains, 
being, in /act, the heads of the outwash channels described on page 48. The floors of the channels 
are mostly flat, with perhaps a small central furrow marking a late phase of outflow or with low 
terraces on one or both sides of the valleys. In general the higher points of the valley walls are 
constructional (moraioal) rather than destructional, indicating that the gaps are mainly original 
features and are not due to erosion by waters forcing their way across the moraine. The 
locations of the most prominent of the outflow channels are indicated on the geologic map, 
Plate I (in pocket). 

Outer morainal fosse. — On Long Island, aa elsewhere, it is not imusual to find at the base 
of the outer border of the moraine a longitudinal depression or fosse lying between the ridge 
and the adjoining outwash plain (fig. 35). This feature is not especially well marked on the 
island, although some good local examples are seen. None are very deep, 5 to 10 feet being a 
common depth, although a few are deeper. Most of them appear to represent unfilled depres- 
sions behind the outwash fans, the tendency to deposit being least marked along the moraine 
at right angles to the direction of the emerging stream. Fosses due to this cause are without 
erosion features and commonly show by their topography their constructional origin. Other 
fosses, however, have the form of somewhat indefinite channels, as if occupied and modified 
by outflowing waters at some period subsequent to their formation. It is even possible that 

some are of the nature of true outwash 
channels and mark the positions of out- 
wash streams that happened to occupy 
at the closing stages of outflow positions 

FIGUBE35.— Profile showing relation of inner and outer fosses to moraine. ^^^a. i.u« ,««^.<«.:.«^ 

next the morame. 
lnn>er morainal fosse. — The inner fosse, although perhaps not so common as the outer on 
Long Island, is a much more striking feature. In its simplest form it is a channel running along 
the inner face of the moraine, apparently due to 
the lateral flow of water between the ice and the Moraine 

moraine (fig. 35). What is probably a channel of * out^2S5 ' \ 

this type is shown at a in figure 36, from field notes - — -7177-7. . • — ^ 

# T-w TTF T i_ i_ ti rni_ 'J • ^ r^ FiounE 36.— Profile showing fosse (a) at inner base of moraine 

of D. W. Johnson, who says : This depression [near ^^ar Duck Pond Point. (After sltetch by D. W. Johnson.) 

Duck Pond Point, Mattituck] is peculiarly constant 

for a considerable distance east and west," making a sharp trench in the inner face of the 

moraine. 




Younger outwash Inner fosse Moraine Outer fosse Older outwash 
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The most remarkable fosses of this type occur on the north side of the Montauk Peninsula, 
between Fort Pond and Napeague bays, 1} to 3i miles west of Montauk station, where there is 
a succession of channels having a northeast-southwest direction parallel to the moraine. The 
channels, although too crowded for accurate delineation, are clearly indicated on Plate VII, 
C (p. 34). An examination of this map will show four main channels cutting the 100-foot 
terrace north of the moraine (dotted) and just southwest of Fort Pond Bay (A). These channels, 
which are the deepest and most conspicuous of the fosses, open to the southwest upon a bench 
of about 60 feet elevation and northeastward they extend to sea level. They are flat-bottomed, 
steep-sided erosion channels and appear to have been outlets for waters issuing from the ice 
margin at successive halts and escaping into Fort Pond Bay and thence through the pond 
depression into the ocean. Figure 37 shows a cross section of the moraine and terrace with the 
fosse channels. Indications of smaller channels on the lower slopes of the terrace are seen 
between the railroad and the shore south of Rocky Point (B, PI. VII, C), 

A second group of channels is found southwest of the first but draining in the opposite direc- 
tion, to the southwest. The more southerly channels* of this group appear to have carried 
the escaping waters to a gap leading southward across the moraine (C, PI. VTI, C) 2 miles west 
of Hither Plain life-saving station, whereas the more northerly drained into a channel (D, PI. 
VII, C) leading westward to Napeague Bay near Quince Tree Landing, whence the water escaped 
to the ocean through the gap now closed by the long connecting beach. 

As indicated by their form the main features of the fosse channels described are erosional, 
but there is some reason to believe that their position and to some extent their form and depth 
may be due to folding. Thus on Cape Cod, where the walls of similar channels are shown in 
cross section in the bluffs, they are seen to represent actual folds whose troughs were simply 
widened and otherwise shaped by outflowing waters. In the absence of sections, however, it 
is impossible to determine what part, if any, folding has played in the formation of the Montauk 
channels. 

One of the largest of the closed inner-fosse depressions is that lying along the north face of 
the Ronkonkoma moraine from a point near Lake Grove, north of Lake Ronkonkoma, eastward 
through New Village, Selden, and Coram to Middle Island, a distance of nearly 10 miles. Its 
extent and outline are both well brought out by the 100-foot contour of the topographic map, 
although this contour does not quite close. The northern slopes of the fosse are gentle, being 
formed mainly by the Manhasset surface with its shallow drainage creases more or less modified 
by their outwash fillings. The south flanks are steeper, being formed by the inner face of the 
Ronkonkoma moraine. In the eastern part the bottom is marked by the great kettle valleys 

of the Middle Island region. The 
fosse has no surface drainage, 
the waters falling upon its sides 
and bottom escaping by under- 

Fioms 37.— Profile of inner-lasae cbaimels w«rt of Fort Pond Bay, Montouk peninsula groimd DCrcolation thrOU^h the 
(PI. VU, C, A), a. Small channel on lower slope of terrace. ** j i .1 >i . 

sands beneath the morame. 
The fosse now occupied by Peconic River is fully as large as the one just described and is 
of the same general character, although it is an open instead of being a closed depression. 
Lying lower than the other, its bottom cuts the water table, giving rise to the rivef that enters 
Great Peconic Bay at Riverhead. 

oTrrwABH oKAinrsLs. 

The outwash channels, which include all the drainage depressions of the outwash deposits, 
are among the most interesting of the topographic features of the island, presenting in their 
various types, forms, and relations many attractive problems. 

RELATION TO MORAINES. 

Most of the larger and more important of the outwash channels head in gaps in the moraine, 
being the continuations of the outflow channels described in connection with the morainal 
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valleys. Among the most important of these may be mentioned the one leading southward 
from the Harbor Hill moraine at Roslyn and the Centerport-Babylon channel leading south- 
ward from the same moraine near Greenlawn; there are also many smaller unmapped channels 
heading in gaps in the moraine between Yaphank and Montauk. (See geologic map, PI. I, in 
pocket.) 

Besides the larger and better-defined channels there are a considerable number of smaller 
drainage lines heading either against the moraine or at one of the minor morainal channels. 
Some of these can be seen by tramping a mile or two almost anywhere along the south base 
of the Ronkonkoma moraine, but they are less common in front of the Harbor Hill ridge. 

Channels of a third class start at points on the outwash plain some distance from the mo- 
raines and are apparently formed not by definite streams issuing from the moraine but by the 
gradual gathering together of waters from various sources, including those that had previously 
deployed and deposited their suspended material. The channels developing near Melville be- 
tween the Mannetto and Half Hollow hiUs are good examples of this class. 

A fourth class is due to the collection of the outwash waters through the agency of an older 
topography instead of by normal conditions pertaining to outwash accumulation. Such chan- 
nels are exceedingly numerous on Long Island. Good examples are afforded by the channels 
uniting to form Carmans River between Mddle Island and Yaphank, the streamless valleys lead- 
ing to Peconic River west of Riverhead, and the many valleys 

leading to the estuaries of Moriches and Shinnecock bays. \ / 

Channels of still another class, represented by the great 
Connetquot channel leading southward from Smithtown Branch, 
originated in ice masses not resting against the moraine but are 
otherwise similar to those heading at the morainal gaps. 






RELATION TO KETTLES. 

A considerable number of minor outwash channels head 
in kettles, but as a rule the water from melting ice blocks 
was too small in amount to cut deeply into the gravels, and 
few such diannels are large enough to be shown on the KoTOB38.-sectkmsof ton«cedcimnneii«d. 

-. rra ^11 jii.- ^ westward ftom Lake RontonVoma. 

topographic map. They are probably most abundant m 

the kettle-valley region northwest of Riverhead, but similar channels lead from the lower 
kettles southeast of Scuttle Hole, near Bridgehampton (PL IX, -4, p. 42). A larger and 
very sharp and definite channel leads westward from Lake Ronkonkoma and joins the 
main Connetquot channel (PI. X, p. 46). As the Connetquot channel issued from a large ice 
mass occupying the Nissequogue Valley, it may itself be regarded as originating in a kettle, 
although the kettle was finally left open. 

FORMS OF CHANNELS. 

The valleys of the outwash are of two distinct types — true erosion valleys and interfan 
creases. The former are well-defined channels with flat bottoms, terraced borders, and steep 
banks (fig. 38); the latter are broad, shallow sags between two confluent outwash fans repre- 
sented on the map by bends in the contours, but many of them hardly apparent to the eye. 
The two types occur in combination at many places, however, and at such places the faint 
interfan creases are accentuated by true channels, as in the region between Edgewood and Cen- 
tral Islip stations. Channels of this type are most conspicuous at a distance from the moraine. 

Terraces are of widespread occurrence in connection with the outwash valleys, there being 
probably very few such channels that in the course of a mile do not show something in the 
shape of a terrace. A given terrace, however, is as a rule not persistent for any great distance, 
generally dying out in a few hundred yards and being replaced by another at a higher or lower 
level. So far as observed there is no uniformity in their number or elevation. They appear 
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FlQUBE 39.— Forms of outwash valleys, a, Ctaaimel 
with bar south of Commack; b, ridged channel 1) 
miles north of Lake Ronkonkoma; e, double chan- 
nel 1 mile west of Holtsville station. 



to be rather accidental remnants left at various altitudes during the practically uninterrupted 
period of downcutting. So numerous are the terraces that specific mention would be without 
value. The type is illustrated in figure 38, which shows cross sections at intervals of about one- 
eighth of a mile in the channel leading westward from Lake Ronkonkoma to the main Connet- 
quot Channel (PI. X, p. 46). 

Although the bottoms of outwash channels are commonly flat there are numerous excep- 
tions. The most common irregularity seems to be a low, rounded, barUke ridge along the 
center, such as that shown in figure 39, a, which represents the profile of a large channel along 
the road just south of Commack. The bars are commonly of no great extent, dying out gradu- 
ally both up and down the channels. In places two or more overlap en Echelon and others are 
more or less confluent and irregular. All gradations between normal bars and the ridges and 
terraces separating the double channels described in the next paragraph are found. 

It appears that in some places after the deposition of 
the bars above described the volume of water became lessened 
and was no longer able to fill the whole of the original chan- 
nel but divided into two small streams, one flowing on each 
side of the bar. These streams gradually cut for them- 
selves separate channels, the intervening bar eventually 
being left as a ridge, as shown in figure 39, 6, which repre- 
sents in cross section a southwestward-leading channel about 
1} miles north and a little west of Lake Ronkonkoma. 

It seems to have happened not infrequently that dur- 
ing the closing stages of outflow the waters of the broader 
outwash channels were reduced to two small streams, one of 
which hugged one bank and one the other. These streams also cut subordinate channels, which 
were separated by a broad, flat terrace representing the uneroded part of the floor of the larger 
outwash valley, as shown in figure 39, c, which is a profile across a small channel 1 mile west of 
Holtsville station and a quarter of a mile south of the railroad. A similar and larger double 
channel is shown in the outwash valley between the Mannetto and Half Hollow hiUs, each side 
of which is marked by a broad, sharp channel that is well brought out by the geologic map 
(PI. I, in pocket). 

The slope of the bottoms of the valle3rs is usually gentle and uniform from the moraines to 
the sea, the rate being commonly from 10 to 15 feet to the mile but flattening in the lower mile or 
two, apparently owing to a sUght sinking of the 
land, which has permitted the lower parts of the 
valleys to be occupied by estuaries of the sea and 
has caused a slackening of the drainage. 

As long ago as 1877 Elias Lewis, jr.,* called 
attention to the greater average steepness of the 
right-hand or westerly banks of the outwash 
channels as compared to the easterly or left- 
hand banks (fig. 40), stating that the difference 
had been long noted by travelers and referring it to the earth's rotation, as a consequence of 
which the streams are thrown against the westerly banks. Seven years later G. K. Gilbert ' dis- 
cussed the deflective force due to the earth's rotation, limiting it to streams of slight fall and 
citing the Long Island streams as good examples. The observations of the writer and his 
assistants seem to indicate that probably four-fifths of the ordinary shallow valleys of the out- 
wash plains lying south of the outer moraine have steeper banks on the west than on the east 
side. In some valleys the difference is as marked as that shown in figure 40, but in others it 
is hardly appreciable. The development, however, must be recognized as remarkable when the 
weakness of the force is considered. 

Local exceptions to the general rule of steep westerly banks were observed, but the only 
notable ones are in the relatively deep valleys formed where the outwash streams have cut 
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Figure 40.— Profile showing relative steepness of east (left) and west 
(light) banks of Long Island valleys. 



> Am. Jour. Sci., 3d ser., vol. 13, 1877, pp. 215-216. 



* Am. Jour. Scl., 3d ser., vol. 27, 1884, pp. 427-432. 
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into the Manhasset formation. In such valleys the steepness of the bank depends on the curva- 
ture of the streams, being greatest on the outside of the bends. In straight reaches the banks 
are of nearly equal slope. 

Although the cutting of the valleys of this type began in Wisconsin time, the erosion and 
shaping of the banks has extended to the present day, especially along the south shore, where 
the water table comes to the surface and supplies the short streams with water. 

Many of the outwash valleys have been partly obstructed by the formation of deltas across 
the main valleys at the mouths of tributary streams. Usually the flow of water in the larger 
vaUeys has been sufficient to cut through the deltas, but 
here and there the obstructions have not yet been over- 
come, and wet weather ponds of considerable size accu- 
mulate behind the barriers. The best example of an 
obstructed valley with ponded water observed was on the 
northeast-southwest road three-fourths of a mile north- 
west of Lake Ronkonkoma, where a marshy pond over a 
quarter of a mile in length was seen in 1903. 




Figure 41.— Section illustrating formation of amphithe- 
aters by spring sapping, a, Original point of emer- 
gence of the spring; b, profile of resulting hopper. 



POST-WISCONSIN VAIXETS. 

NATURE AND EXTENT OP EROSION. 



Little work has been done in post- Wisconsin time by the larger streams of Long Island other 
than local widening of their valleys, for their channels had already been extended to or below 
the level of the sea when the Wisconsin ice sheet retreated before the opening of the present 
period. The principal recent changes have been accomplished by subordinate agencies, the 
chief of which are ''spring sapping*' and rivulet erosion, the former represented by numerous 

amphitheaters and the latter by short ravines and gullies in the bluffs and by 

small notches in the older valley floors. 




FORMS OP THE VALLEYS. 



FioxjRB 42.— Plan of hop- 
per or amphitheater at 
an early stage. 



Amphitheaters. — Wherever a body of clay or other impervious substance 
underlies a mass of porous material and comes to the surface at or near drain- 
age level (a, fig. 41), there is formed a series of springs often perennial and 
copious in volume. At such places part of the overlying incoherent sand is 
almost always carried away, the action being limited at first to the immediate 
vicinity of the point of emergence of the spring (a, fig. 41) but extending 
later farther and farther back until finally a great hopper-shaped excavation or amphitheater 
results, as shown in profile in figure 41 and in plan in figure 42. 

In the early stages the hoppers or amphitheaters are of nearly circular outline, but as the 
sapping progresses the erosion tends to become uneven through the influence either of inequali- 
ties in the underlying impervious stratum, or of variations in the character of the material in 
which the hopper is cut, or of other causes affecting the distribution of 
drainage lines. As a consequence of unequal sapping, erosion goes on 
faster at some points than at others, and an imsymmetrical amphithea- 
ter soon results (fig. 43). The irregularity continues to increase until a 
normal drainage system is produced. Few if any such systems, how- 
ever, have been developed on Long Island in post- Wisconsin time. Hop- 
pers 200 to 300 feet in diameter and 100 feet or more deep are seen at 
many points along the north shore, especially from Wading River east- 
ward to Mattituck Inlet. 

Notched cliffs, — The notched cliffs are produced by an agency work- 
ing from above instead of from beneath, as in the hoppers, the under- 
lying clay and its attendant springs being absent. The notching is greatly facilitated by the 
incoherent nature of the deposits of the Manhasset formation, in which most of the notches are 
cut, but is retarded by the porous character of this material, which causes it to absorb the 
Waters before they can unite and form streams of much vigor. Many of the notches start at 




FiouBE 43.— Plan of transitional 
form between a hopper and a 
normal drainage system. 
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close intervals and develop into a succession of sharp, V-shaped parallel ravines separated by 
narrow rounded ridges giving a serrate plan and profile to the bluffs at many places^ especially 

along the edges of the lower bluffs in the eastern half of 

s^^\\>>i<^\vv>u.;^^ tne island (ng. 44; . 

Notched margin of bluffs Hanging vaUeys. — Where the shore line has remained 

FwuwB 44.-piaii showing fancier of notching in unchanged for a scrfes of years the ravines enter the sea 

bhiib of the northern ooBst in eastern Long Island. 7^ 111 1 • 1 . 

at grade. As a whole, however, the coast is imdeigomg 
somewhat rapid erosion by the wav^, a single storm not infrequently cutting several feet or 
even a rod or more into the base of the bluffs and leaving a laige number of the ravines as 
hanging valleys with floors 5 to 10 feet above the beach (a, fig. 45). Where the stream erosion 
is slight the wave action may continue predominant for a long series of years or even perma- 
nently, in which case the action of the waves 

is cumulative and the valley enters at pro- / f / ^ ''f^^ 

gressively higher points (J, c, and d, fig. 45) /^ /^ — /^ ^ " / 

until perhaps only a slight notch at the upper ^ ^^'^^ y ^1 /^^^Jf±I^^ Z_ 

edge of the cliff remains (^, fig. 45). Fiourb 45.-SectionfDustrating the relatfam of height of hanging vaUeys 

As soon as the hanging valleys are formed *** ^*^® °' etoi\on of bluHs. a, b, e, d, and e, SuooessiTe positions of 

by the cutting back of the cliffs their reexca- 

vation by storm waters is begun, usually with a relatively narrow notch in their bottoms having 
a somewhat steeper grade than the older valley. (See fig. 46.) At the same time a steep fan 
is built up against the bluff at the point where the storm waters issue from it ((2, fig. 46). 

_ Examples of hanging valleys are usually 

3 .- " ^ very numerous, especially within the first year or 

^21'^ -'- two after a severe northerly storm, and all the 

Af^ltr^lL types described may generally be seen in a walk 

Figure 46.— Section Ohistnting the notching of hanging TaUeys. a, of a f eW miles along the bcach, especiallv in the 
6, e, Original floor of valley ; b,d, slope of channel of newly cut notch. . . ^ t-^ . -r t^ r4i ... 

region east of Port Jefferson. The citation of 
the examples noted during the progress of the field work would, because of the constant changes 
in the bluffs, be of little value. 

Obstructed ravines, — ^Many of the ravines cut in the deposits of the north shore are more or 
less obstructed by materials brought in since their formation. Probably the most common 
cause of obstruction is the building of a delta or fan across a ravine 
from materials supplied by a tributary channel entering at a high ^j^ . , . .xj i ..ti 
angle. Such obstructions, however, are commonly due to local ri?-I-^I£z^ 
causes, such as a sudden increase of dfibris in a tributary, but are E.-C'^-£-l--i.-If2-^'-3^-!^ 
usually soon cut away. Another common cause of obstruction, 

especially in the sharper ravines, is the caving of the incoherent ^^J^^^i^js^T^^^ 
banks, letting down an irregular mass of sand, till, and other ma- 
terial (fig. 47). Several good examples were seen in 1903 in the region between Fresh Pond 
Landing and a point north of Riverhead. 

Refilled ravines. — Many ravines have been partly refilled with deposits having the relations 
shown in figure 48. This refilling appears to be due to the waters becoming overloaded in the 

later part of the ravine's history, a condition apparently caused 

jjjiLiL'iiiiL-K _ /gL i-'j-i'ALi by a decrease of rainfall and nm-off. In brief, it is assumed 

^F£i^-ErLr]£^Hr3^^ that the original ravine was cut at a time of heavy run-off, per- 

'iis-ziiy^'-y^Srjr—jr^-—. haps during a storm or series of storms, and that the filling has 

~"~ taken place during a period of ordinary rains in which the run-off 

FiouM48.-aeetfononn^edravineofthe has been insufficient to sweep the material to the sca. The dif- 
ferences in run-off are doubtless due to irregular and accidental 
local variations in precipitation and other conditions, rather than to any real climatic change. 
A single heavy and continued downfall of rain may at any time sweep the valleys clear of their 
fillings and even cut them deeper than they were originally. Valleys of this type are constantly 
changing, but examples can probably be found along the coast near Fresh Pond Landing. 
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INLAND SCARPS. 



Inland scarps of considerable prominence occur at several places on the island , some being 
of glacial and others of subaerial origin. The most important are the scarp facing the Connet- 
quot outwash channel south of Smith town Branch, those facing the valley between the Mannetto 
and Half Hollow hills, and the one stretching along the south side of the Harbor Hill moraine 
west of its jimction with the outer or Ronkonkoma moraine south of Manhasset Bay. (See 
PL II, in pocket.) The Connetquot scarp has been described and its origin has been discussed 
in. detail on page 46. The scarps between the Mannetto and Half Hollow hills owe some of their 
features to stream erosion beginning as early as the close of Mannetto deposition, but the greater 
part of the valleys and ravines that now notch the edges of these scarps are clearly post- 
Manhasset, for they cut into and extend well below the surface of that formation. A further 
shaping, including the planing away of projecting spurs, resulted from the action of the waters 
of the broad Wisconsin outwash channel passing between the hills, and the final minor notching 
is the result of post- Wisconsin erosion. 

THX OBXAT ZXriAVD 80ARP OF WBBTSUT LOHO XSIAim. 

CHARACTER. 

A well-marked scarp beginning at Lake Success, near the eastern boundary of the Borough 
of Queens, where the outer or Ronkonkoma moraine is crossed by the inner or Harbor Hill 
moraine, extends westward in almost a straight line to Fort Hamilton at the Narrows, a distance 
of about 20 miles, with a height of 60 to 100 feet above the outwash deposits bordering it on 
the south (PI. XI, A). An examination of its face shows the surface material to be mainly 
till, some sections near the top of the bluflf containing 20 to 30 feet or more of this material. 
Nevertheless records of weUs put down a little back from the edge of the scarp generally show 
relatively little till, the drill soon passing into stratified sand or gravel, possibly a part of the 
moraine but more probably part of the Manhasset formation of which fine exposures north of 
the moraine are known to occur at this level. In Prospect Park, Brooklyn, more or less folded 
strata of sand and gravel, probably Manhasset, have been exposed from time to time. It is 
believed that a complete cross section would show the bluff to consist mainly of stratified gravel 
of the Manhasset formation, with a mantle of till varying in thickness from a few feet near Lake 
Success to 30 feet or more at points in Brooklyn, lying unconformably over its top and face. 
This till appears to be late Wisconsin, hence the scarp that it mantles must have been formed 
before that time. 

Additional evidence as to the age of the original scarp is afforded by the notches in its 
face. From Lake Success to the vicinity of HoUis the notches are generally smaU and simple 
with little branching, and such notches are characteristic of most parts of the scarp. North- 
west of HoUis, near Maple Grove, north of Woodhaven, and at several points west of East New 
York, especially near Prospect Park, Brooklyn, the notches are larger and resemble the dendritic 
systems characteristic of drainage development. In fact, it seems fairly clear that such was 
their origin. They are not postglacial features, however, for they have every appearance of 
being clogged and partly obliterated by the deposition of till. 

In addition to the larger convexities, such as that north of Hollis, projecting swells of 
till and other material pushed forward by the ice occur hero and there. J. B. Woodworth * in 
describing the scarp says: 

West of Proepect Park the morainal front maintains its lineal course toward New York Narrows, but with a rather 
bulging frontal slope composed of stratified gravels. As seen in pits open in the season of 1900 these stratified gravels 
rise up steeply from the northern margin of the frontal plain, then bend downward into a large kettle hole in the 
deposit. The attitude of the beds suggests frontal shoving on the part of the ice. 

> BuU. New York State Mus. Nat. Hist., No. 48, 1901, p. 649. 
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ORIOIN. 



That the origmal scarp was cut in deposits antedating the later Wisconsin drift (probably 
in the Manhasset formation), that it is the result of erosion, that it was subsequently buried 
by a mantle of late Wisconsin till, and that it has suffered little subsequent erosion, seem clear. 
The fact that its origin antedates the deposition of the latest drift explains why the scarp lacks 
the abruptness that would be expected if the cutting had been post- Wisconsin, and why no 
beaches or terraces have ever been found. The range in elevation of the base of the scarp 
from 240 feet near Lake Success to 60 feet near East New York, which has always been' a 
stumblingblock in the way of accepting the theory of its recent marine origin, is due to the 
natural slope of the outwash plains built against it, the line of contact with these plains being 
in no sense a warped shore line. 

The origin of this scarp appears to be clearly indicated by its topography, every feature 
of which is duplicated elsewhere on the island under conditions apparently admitting of the 
absolute determination of origin. The original scarp differed in no way from the bluffs at 
dozens of points on the north shore, and the drift-covered face and partly filled valleys have 
counterparts at many places. This is strikingly brought out by the maps given on Plate XI, 
A and JB, which represent respectively a part of the morainal scarp near Creedmoor, and a part 
of the north shore near Miller Place, east of Port Jefferson. The same steep bluffs with minor 
indentations are seen in each locality, and the valleys cutting them are almost identical in 
character. The only difference in the topography, in fact, is the slightly steeper face at the 
Miller Place locality, due to the fact that there is no coating of till on the face of the bluff, 
which is being rapidly cut by the waves at the present time. There is little reason to doubt 
that the inland scarp under discussion is, in its main features, of marine origin but has been 
modified by late drift. (See PI. XI, Z>.) There seems to be no ground for regarding it, as 
some have, as a morainal front, for it has few of the characteristics of a moraine except in its 
most superficial features. 

How high the land stood when the scarp was formed can not be told. From the depth of 
channels in the vicinity of the island (see p. 59), it is known that the land stood considerably 
higher in relation to the sea in the Vineyard interval than at present. The fact that Cretaceous 
formations are found at a depth of about 100 feet, or about 25 feet below sea level in a well 
in front of the scarp at Hollis, shows, however, that unless the mass encountered represents an 
offshore island, the land could not have stood more than 25 feet higher than at present. 

SHORE BLUFFS. 

There is hardly a point on Long Island at which the highlands reach the coast where the 
shore is not bordered by bluffs, this being true of the bays and -harbors as well as of the exposed 
coast line. The condition of the bluffs varies greatly from place to place, however, all gradations 
being observed from nearly vertical cliffs such as border the south coast west of Montauk light 
to relatively gentle slopes (25° to 35°) completely covered with trees. On the open coast 
probably four-fifths of the bluffs are free from vegetable growth, and perhaps a tenth are 
sufficiently free from talus to admit of the determination of their composition and structure 
from top to bottom. The remainder are clothed with grass or trees or artificially covered. 
In the harbors about half of the cliffs are covered with vegetation and haff free from it. Harbor 
cliffs are, however, seldom free from talus, but even in the talus-covered cliffs the general 
structure can usually be made out by a little digging. 

The condition of the bluffs often changes materially within a short time. The whole line 
along a coast may be modified by a single storm, which in some places eats into the bluffs and 
elsewhere throws up barriers of sand or gravel in front of them, according to the direction of 
the wind, the angle of impact of the w^aves, and the nature of the currents set up at the time. 
The barriers built up along the beaches in front of the bluffs persist until they are removed by 
storms or currents from other directions than those of the storms which formed them. Some 
of them last for many years — long enough for the cliffs behind them to become covered with 
grass or even forests — but sooner or later the cutting begins again and the cliffs are under- 
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mined, landslides take place, and earth and tree trunks are mingled in confused heaps. (See 
" Landslides, '^ below.) 

The cliffs are best preserved where coherent materiak, such as the Gardiners clay, Jacob 
sand, and Montauk till members of the Manhasset formation outcrop in the bluflFs (Pis. XIX, 
Bj p. 114; XXII, Aj p. 136), and are least well preserved in the sands and gravels of the Man- 
hasset (PL XX, p. 116). At the time of the examination of the shore line in 1904 the best 
exposures were on Gardiners Island, on Robins Island, and on the south coast of Montauk from 
Napeague Bay to the lighthouse. Fine exposures were also found on the south side of Great 
Peconic Bay, on the two large necks east of Sag Harbor, and especially along the north coast 
from Port Jeflferson to Orient Point. Good exposures were seen northeast of Northport and 
on Eaton and Lloyd necks. West of Oyster Bay, although there were a few good exposures, 
as at Rocky Point and on the east side of Hempstead Harbor, the bluffs are prevailingly low 
and are in many places artificially covered. The south shore, except the Montauk Peninsula 
and the part of Shinnecock Bay south of the Shinnecock Hills, is essentially free from cUffs, 
although it has some bluffs 4 or 5 feet high. 

LANDSLIDES. 

Landslides may be ranked among the conspicuous features of Long Island, occurring, as 
would be expected, at many points on the steep bluffs of the north shore. Some of them rep- 
resent a mere slipping of the surface of the bluffs, whereas in others the land is affected for many 
hundred feet back from the shore (PL XII). The slides are of a number of different types and 
are due to a variety of causes, the more important of which are noted below. 

0AV8E8. 

Workofwave8. — ^The action of waves is the direct cause of many of the landslides of 
the island and the indirect cause of most of the others. The whole north shore, the shores 
between the flukes, and the south shore between Montauk Point and Napeague Beach are 
exposed to the full action of the waves, which during storms, cut rapidly into the bluffs. When 
the cutting begins in the softer material, such as the Manhasset formation, the talus that has 
gradually accumulated since the last preceding storm commences to slide downward and is 
soon removed by the waves. The undisturbed drift itself is then attacked, and this, being gen- 
erally loose and uncemented, crumbles as soon as a vertical face of a few feet is produced, often 
setting the entire face of the sandy bluff in motion, tilting or overturning the trees, shrubs, or 
plants that may have obtaioed a foothold upon it. A similar result often follows stream erosion 
on the sides of some of the small but sharp ravines of the north shore. 

If the material is till, especially the partly cemented Montauk type, the erosion is somewhat 
different. The material does not crumble rapidly, and the waves often make progress only by 
tearing it away bit by bit until they produce a vertical or even overhanging face. Faces over- 
hanging as much as 3 or 4 feet have been observed. When this stage is reached a new process, 
which may be called scaling, begins, the material peeling off in vertical layers or scales. Some 
of these layers are thin, but in places vertical slabs, the largest 20 feet or more high and 1 or 2 
feet thick, become detached. The most typical examples of these slides, if they may be called 
slides, are seen at Montauk Point. 

Work of springs, — ^The action of spring sapping on Long Island, which is a very prevalent 
cause of landslides, was described as long ago as 1843 by Mather. Springs act in two ways — 
by adding water to the finer sands and converting them to quicksands and by actual erosion by 
the streams proceeding from them. Commonly both processes go on together. 

The gravels of the north shore are saturated by waters that ordinarily reach the sea between 
high and low tide by seepage without appearing at the surface elsewhere. Under these usual 
conditions few or no slides seem to be produced, for the water table is at some distance below 
the beach, and the quicksands, if any are formed, are prevented from escaping by the overlying 
material. But where an impervious layer holds the ground water in the bluff at a level higher 
than the beach, the sands may be changed to quicksands and flow seaward, allowing the over- 
lying material to sink and producing landslides of considerable size. The action is generally 
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localized and produces hopper-shaped instead of linear slides. At this stage the water of the 
spring begins its erosion, canying the material brought down by the slide to the beach while 
new slides bring down additional masses to take the place of the first. The pronounced amphi- 
theaters on the north coast and many of the short, sharp valleys are produced in this way. 

Movements of days. — The slides produced by the flowage and slipping of clays are by far 
the most conspicuous slides on the island, because of the considerable areas they cover and the 
confusion of the resulting topography. Many of the clays when wet are very plastic, and there 
is probably considerable flowage of those in the steeper bluffs imder the weight of superincum- 
bent deposits, although this is difficult to prove because of the absence of good cross sections. 
If not the cause of the landslides it is certainly an effect, for there are many places where the 
plastic clays have been pressed out upon the beach in contorted masses, as shown in Plate XIII, B, 

The sliding of the layers of clay on their bedding planes 

hCZZZ^ ^ ^^ doubtless an important cause of landslides, but here 

y/ y also no evidence has been found to show to what extent 

y//^^^^ this movement actually takes place. Sliding may occur 

.^^^ ^^ also along curved fractures, as shown in figure 49. Such a 

movement is suggested by the conditions shown in Plate 

'X™nt-rh!:?.^T::Crrt^'oS: Xm, A, although there is no reason why either of the 
gin of the scarps shown in Plates XH, xHi. other causcs should not havc produccd the same effect. 

after^pS;l'aiippta^a^'!'"^ ^' ^^ Th® sliding of sand beds over wet clays has been suggested 

as another cause of slides, but observation on Long Island 
seems to indicate that ordinarily no such slipping takes place. In every clay slide observed 
the clay beds themselves seem to have moved, as indicated by the contorted structure they 
have assumed. 

DETAILS OF ZJLHDSUDES. 

The Broken Ground shde, the largest on the island (1904), is situated on the Sound shore, 
3 miles northeast of Northport and 1 mile north of Fort Salonga.^ The north face of the hill, 
which has an elevation of 100 feet, has been converted by the shdes into a confused jumble of 
earth masses and prostrate trees. On passing northward over the crest one suddenly comes to a 
fault scarp varying in height from 5 feet at the ends to 30 or 40 feet at the center (PI. XTV, A), 
At the base of the scarp is a broad shelf 50 yards across, representing the surface that was dropped 
by the fault (PL XIII, A). Beyond this is a succession of slip faults separating narrow tilted 
blocks, the whole grading off to the more confused earth heaps at the base (PL XIII, B), In 
1904 many of the faults were still open to a depth of 5 to 10 feet. The whole disturbed area 
has a length of nearly half a mile and a width between an eighth and a quarter of a mile. 

The other landslides on the island are relatively small, only the faces of the bluffs com- 
monly being affected. It is obvious that any storm would be likely to remove old slides of 
this character and produce new ones, hence detailed descriptions would have little value. It 
may be said, however, that extensive sUdes may be looked for at any point where clays are cut 
by the sea. These localities are indicated on the geologic map (PL I, in pocket). Among the 
places where more or less definite slides were observed in 1904 may be mentioned the west shore 
of Eaton Neck (where Cretaceous clays outcrop) ; WoodhuU Landing near Miller Place, west 
of Hube Landing, Jacobs Point, Luce Landing, and Jacob Hill (Gardiners clay) ; Oregon Hills 
and Mulford Point (till). 

StTBMABINE FEATTJBES. 
LONG ISLAND SOUND. 

The greaJt Souvd valley. — After the close of Cretaceous deposition in the Long Island region 
there was, as has been seen, an interval of nondeposition during most of Eocene time. The 
extent of the uplift in this interval, if any, and the amount of erosion are not known, but it does 
not appear to be represented by any great imconformity. During Miocene time the land, at 
least in the southern part of Long Island, was below sea level, and enough deposits were laid 

1 Inoorrectly located by Veatch (Prof. Paper U. S. Oeol. Surrey No. 44, PI. VII) as northeast ot Huntington. 
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down to bury in large measure the erosion topography developed in the Eocene epoch. It is 
believed that up to this time the Cretaceous deposits existed as an essentially continuous sheet 
with its northern border overlapping upon the crystalline rocks of the Connecticut shore, and 
that the Miocene deposits rested on the Cretaceous with their shoreward margin somewhere in 
the southern third or half of Long Island. 

In the PHocene epoch the region was greatly reduced by erosion, in which both streams and 
the ocean took part. A. C. Veatch ^ believes that during the early part of this period (pre- 
Lafayette) Housatonic and Connecticut rivers continued to flow southward across the Coastal 
Plain but developed, through the agency of tributaries along the contact of the Cretaceous with 
the crystalline rocks, more or less marked lateral valleys with northward-facing scarps. These 
lateral valleys were partly filled but not obliterated by the Lafayette deposits, but the narrow 
valleys leading southward through the ridge are considered by Veatch to have been more nearly 
effaced. The post-Lafayette uplift he apparently regards as accompanied by a tilting toward 
the southwest, which caused Housatonic and Connecticut rivers to be deflected westward, 
passing across the site of Long Island in the vicinity of Jamaica Bay near the west end and, 
after uniting with the Hudson a few miles beyond, running southeastward in what is usually 
known as the submarine Hudson channel. Veatch^s maps show that he supposes this course 
to have been maintained after the Mannetto deposition, amounting to 300 or 400 feet or more, 
and to have been deflected only after the deposition of the Manhasset formation (Tisbury of 
Veatch). To the erosion by the streams mentioned, acting through this long period, Veatch 
refers the development of Long Island Sound. 

To the writer the history seems to be somewhat different. After the post-Miocene uplift 
the streams, as stated by Veatch, probably continued southward across the Coastal Plain to the 
ocean and very Ukely developed lateral valleys along the contact with the crystalline rocks. 
Any opinion as to what happened in the Long Island region in Lafayette and post-Lafayette 
time must be entirely speculative, for no Lafayette deposits have been identified, and there 
is no evidence yet available for distinguishing between the post-Miocene and post-Lafayette 
erosion periods. 

The Mannetto deposition amounted to more than 300 feet and possibly more than 500 feet 
and in central Long Island appears to have buried all the older deposits, with the possible excep- 
tion of those on High Hill, south of Huntington, where, though nothing but drift shows at the 
surface of the hill, the topographic features suggest that it may have a core of Cretaceous mate- 
rial. The Mannetto deposits would have completely obliterated any valley across Long Island 
that might have existed. If the drainage in post-Mannetto time took the course indicated by 
Veatch, it must have marked the beginning of a new cycle that was entirely independent of the 
earlier and did not inherit the courses of its streams. 

The distribution and elevation of the Cretaceous deposits of western Long Island indicate 
that, in all probability, no conspicuous valley with its bottom much below the present sea level 
was ever formed across the island in the Jamaica^ameco region. These deposits appear to be 
above sea level from a point east of Snuthtown to a point north of Jamaica. At Whitestone 
they are less than 20 feet below sea level, and at College Point they appear to be less than 85 
feet below sea level. The distance between the point of observation north of Jamaica and that 
at Whitestone is 2 miles, and that between Whitestone or College Point and the outcrops of 
crjrstalline rocks on the mainland is 1 mile. The intervening channel is only about 60 feet deep. 
There is, therefore, no room for any but a narrow and correspondingly shallow channel through 
the island at this point, there being no break comparable in size to the broad Sound supposedly 
due to erosion by the same streams. It would be strange if the stream that in its upper 
part eroded a valley from 10 to 20 miles wide should have a valley only 1 or 2 miles in width 
near its mouth. 

The Soxmd is broadest at a point southeast of New Haven, where it has a width of over 20 
miles. From this point it tapers gradually westward until only the narrow East River separates 

» Prof. Paper U. 8. Geol. Survey No. 44, 1906, pp. 28-32. 
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Long Island from the mainland. A more significant feature, however, is the similar form of 
the area inclosed between the mainland and the Cretaceous remnants lying above sea level on 
the island. At Eaton Neck the breadth of the strip between the Cretaceous boundary and the 
crystalline rocks is 8 miles, at Uoyd Neck 7, at Glen Cove 5, and at Elm Point 3 miles. At 
Whitestone the Cretaceous, which is here only 20 feet below sea level, is only about a mile from 
the crystalline rocks. If normally developed by subaerial erosion, such a valley could be pro- 
duced only by a stream system draining eastward. 

That the Sound is in the main the result of such erosion rather than of ice scour is probable, 
as the Pleistocene deposits of I^ong Island, although derived principally from the Sound, would 
not obliterate it if returned. Moreover most of the drift above sea level in the eastern part of 
the island appears to have been derived not from the Cretaceous deposits but rather from the 
mainland or from older glacial deposits lying in the Cretaceous trough. This trough is not the 
result of ice erosion, as is shown by the absence of corresponding glacial accumulations, and the 
great depth to the Cretaceous surface (555 feet below sea level in a well at Greenport) must there- 
fore be referred to stream work. Other well records throw light on the eastward deepening 
of the buried Cretaceous vaUey — the Sound valley, as it may be called. 

In a map based on such records Veatch * shows the Cretaceous to be at or within a few feet 
of sea level in the vicinity of the north coast from College Point eastward to the vicinity of Stony 
Brook. A well record, as stated above, shows it to be about 550 feet below sea level at Green- 
port, but at Fishers Island, still farther east, the top of the Cretaceous seems to be only 260 
feet below sea level. None of these points, except perhaps the Greenport well, are in the pres- 
ent Sound valley, and there is no means of estimating the depth of the old valley except by 
prolonging northward the observed decline of the Cretaceous surface, as brought out by well 
records, and the present depth of the Sound, a method which is of course far from satisfactory. 
In the hills north of Old Westbury this surface has an elevation of about 230 feet. Thence 
it declines northward, being slightly below sea level at the coast. The same rate of fall would 
give it a depth of at least 100 feet in the center of the Sound. In the Mannetto Hills it is elevated 
about 300 feet, and it declines to sea level at Lloyd Neck, a rate which would carry it to 150 
feet below sea level in the Sound. The water as a matter of fact is more than 100 feet deep 
at this point. At Westhampton the Cretaceous is about 150 feet below sea level, whereas at 
Riverhead, 8 miles to the north, it was not recognized in a well 300 feet deep. At Bridgehamp- 
ton it seems to have been encoimtered about 75 feet below sea level, although 12 miles 
farther north, at Greenport, it was reported about 550 feet below sea level. 

There seems, therefore, to be a broad buried valley in the Cretaceous surface in the Sound 
region, having a width of a mile or two near the west end of the island and opening out east- 
ward to a width of about 20 miles near New Haven. The valley seems to deepen east- 
ward from 100 feet or less near College Point to at least 550 feet in the vicinity of Green- 
port. Its southern rim is pretty xmiformly from 300 to 400 feet higher than the lowest 
point of the valley. The shallowness of the Cretaceous on Fishers Island would seem to 
indicate that the axis of the valley passed south of this point. 

The present valley of the Sound seems to be due principally to stream erosion, assisted, 
however, by a certain amoimt of ice scour. It appears to have been cut entirely in the uncon- 
soUdated Pleistocene and Cretaceous deposits, there being, so far as known, no corresponding 
depression in the underlying rock surface nor other evidence to support the theory of limestone 
solution advanced by F. J. H. Merrill* on the basis of the composition of the clay. 

Later channels, — The bottom of Long Island Sound as a whole is remarkably even, in most 
places sloping gently southward from the Connecticut shore at the rate of 10 or 20 feet to the 
mile for about two-thirds of the way across the Sound, and rising somewhat more steeply to the 
Long Island coast. The level bottom is, however, as was long ago pointed out by Dana," inter- 

1 Veatch, A C, op. cit., PL III 

s Annals New York Acad. 3cl., vol. 12, 1900, pp. 113-116. 

» Trans. Connecticut Acad. Arts and Sci., vol. 2, 1870, pp. 65 et seq.; Am. Jour. Sci.,3d ser., vol. 10, 1875, pp. 280-282; vol. 40, 1890, pp. 425-437. 
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rupted by a number of more or less channel-like depressions. The most conspicuous of these 
extends eastward from a point about north of Oyster Bay and is from 25 to 50 feet deeper than 
the surrounding bottom (fig. 50). At a point north of the head of Great Peconic Bay it bends 
slightly southward and is lost in the shallow water of the Long Island coast. Dana considered 
that it passed across the site of 
the island near Mattituck, but 
of this there is little evidence, as 
the present valley at this point 
is of other origin. (See p. 28.) 
Another channel-like depres- 
sion starts a few miles north- 
west of the point where the first 
ends and extends northeast- 
ward to a point beyond Little 
Gull Island, where it divides, 
one branch passing south and 
the other north of Valiant Reef. 
In this vicinity depths of 50 to 
55 fathoms, or 300 to 330 feet, 
are recorded, although on each 
side of the channel the water 
is relatively shallow. East of 
Valiant Reef there are four 
branches; one passes north of 
Block Island and the others 
start in a southeasterly direc- 
tion and are lost in the shoals 
north and northeast of Mon- 
tauk Point. This digitate sys- 
tem of channels converges west- 
ward, and if it is the work of 
streams would indicate a west- 
ward drainage. The digitate 
portions occur only in what is 
known as the "Race," a local- 
ity of severe tidal scour, and 
their form may have resulted 
from tidal action. It is diffi- 
cult, however, to account for 
the channels in the broader 
parts of the Sound in this way, 
for they do not follow lines 
of especially strong currents. 
Moreover, the general relations 
as brought out in figure 50 
strongly suggest stream origin. 
If they were cut by streams 
they are, in all probability, to 

be referred to the Vineyard erosion interval, as they are at a much higher level than the 
post-Mannetto land surface, which was developed at the last preceding stage of uplift, and 
there has been no post- Vineyard elevation sufficient to account for their depth. An earher 
time than the Vineyard is also precluded by the tremendous ice scour and subsequent deposition 
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characterizing the Montauk ice invasion. The point of outlet of the system, if one really 
existed, is unknown, but the absence of any break in the Manhasset deposition indicates that 
the outlet could have been only at the extreme west end of the island, probably beneath the 

present lowlands in the vicin- 
ity of Long Island City or 
even along East River. 

Starting at a point 7 miles 
east of Montauk Point, or a 
httle over halfway to Block 
Island, a submerged channel, 
50 feet deep in places, extends 
southeastward for nearly 10 
miles . Its upper part is only 
about a quarter of a mile 
wide, and it is characterized 
by swings and other features 
of a true stream channel. It 
seems to be lost at a depth 
of 20 to 25 fathoms, hence at 
the time of its formation the 
land apparently stood 120 to 
150 feet higher. A shallow 
depression connects this 
channel with one of the de- 
pressions southeast of the 
Race, but it seems to be 
nothing more than a tidal 
connection. 

Conclusions. — The excava- 
tion of the Cretaceous de- 
posits began in the post-Mio- 
cene period of erosion, but 
whether the valley then 
formed persisted through the 
Lafayette accumulation (if 
any took place in this region) 
and the Mannetto deposition 
is not known. The valley or 
its successor appears to have 
been completed, however, in 
the post-Mannetto stage of 
erosion. It was partly filled 
during the Jameco, Gardi- 
ners, Jacob, and Manhasset 
stages of deposition but was 
not obliterated, and at the 
close of the Manhasset stage 
it seems to have been occu- 
pied by a westward-draining river system, which excavated the submerged channels. At the 
same tune a well-defined channel leading southward between Montauk and Block Island was 
formed. In the last ice advance the valleys were partly filled and otherwise modified by the 
action of the overriding ice and by the accompanying deposition, and in recent time tidal 
scour has done much to change the character of the channels. 
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FiQjJMM 61.— ICap of the submarine channel and canyon of Hadeon River. By J. W. Spencer. 

Figures indicate depth in feet. 
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StJBUARINB CHANNELS OF THE HUDSON. 

Channel of the coTiHnenial shelf. — Since the northern part of the continental shelf was first 
charted the so-called submarine channel of the Hudson has aroused much interest among both 
geologists and geographers, and many papers describing it and discussing its origin have been 

published. It may be described briefly as a submerged valley leading ,» 

across the continental platform iroia a point a few miles east of Sandy [ J 

Hook southeastward to the margin of the shelf, 55 miles from the beginning J 

(fig. 51), Beyond this margm a sharp canyon-like notch extends down ■£ 

the escarpment to a depth of a mile g 

„„ or more below the surface of the sea.' | 

/ooo '^^^ measurements of this channel | 

zooo g'^"" •" tlis texts or shown on the -f 

maps by different writers do not en- | 

tirely agree with one another, hence | 

'***'* it is necessary to cite authority for -S 3 

the figures used. The depth of this 5 I 

Fioiiu«i.-cn>»aeMiima)ii>wingniatioaiofu»i»o*d- channel at the start is about 15 ^.| 

(rT>II>r> and sharp canron of UnaubDurlae Hudson fathoms, Or 5 Or 6 fathoms beloW Ss 

chauntli. Br J. W. Bpmaet. . , . . . , . „ .< Sa 

the adjommgsca bottom; at 10 miles | • 

out the depth is 8 fathoms below the surrounding bottom, and at 20, 30, ^ I 

and 40 miles about 15 fathoms. Beyond the 40-mile point, owing to a 1 1 

steepening of the inclination of the platform, the slope of the channel | ^ 

being imchanged, the depth decreases and the bottom of the channel is .r | 

only about 8 fathoms below the level of the adjacent bottom at the 50- n| 

fathom contour, 45 miles out. Immediately beyond this point, however, a | 

is the beginning of the narrow but deep outer canyon or notch, which is ^ J 

marked by an abrupt drop from 288 feet to 1,008 feet. This is followed by 1 1 

a gentle slope extending about 6 miles, at the end of which a aecond drop g ^ 

of about 400 feet takes place. A third drop of about 500 feet occurs about 3 5 

12 miles from the head of the canyon, the total depth then reached being | g 

about 2,292 feet, or about 2,050 feet below the continental platform. The ^ | 

soundings at this point (fig. 52) seem to indicate the presence of shelves | S 

on the sides of the canyon, at a depth of about 1,250 feet, the origin of w"^. 

which is obscure. At 31 miles the depth of the canyon has increased to l-o 

4,800 feet, or ,3,800 feet below the surrounding sea bottom. Spencer on |J 

his map (fig. 51) extends the canyon 43 miles farther, to a depth of 6,000 ^ § 

feet, and indicates a shallower valley-hke depression extending to a distance = "g 

of 71 miles from the head of the gorge, or to a depth of 9,000 feet,* but the I >: 

evidence for the extension beyond the depth of 4,800 feet does not appear I 

to be conclusive, A section showing the relations of the various channels e 

is given in figure 53. S 

Hudson River rock ckamiel. — Intimately related to the submarine \ 

channel just described is the rock channel of Hudson River. That this g 

channel lies much deeper than the present river bottom and is covered 8 

with thick accumulations of drift is well known, but unfortunately infor- T 

mation as to its exact depth is not available. The greatest depth yet m 

recorded (1908) is near Storm King Moimtain, where the bottom appears 1 

to be about 650 feet below sea level,' At New York City the greatest ^ 
depth recorded is about 300 feet, but there is room for a narrow gorge of greater depth between 
the somidings. Local erosion by ice to a depth of several hundred feet in the unusually hard 

1 Uip by J. W. Speoar, Am. Jour. Bel., *th sw., toI. 10, IMS. p. S. 

• Spencw, i. W., op. clt., pp. 6-7. 

> Kemp, J. P., km. lour. 8cl., 4tb sa., vol. M, IDW, p. 3X>. 
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rocks near Storm King (although the softer rocks of the vicinity were relatively little eroded) 
does not afford a satisfactory explanation of the depth at this point, and it is equally unsatis- 
factory to assume that a warping of 350 feet has taken place between this point and New 
York. As examinations have shown that there is no other possible outlet for the old Hudson 
waters, it seems probable, although not certain, that a buried canyon at least 700 feet in depth 
must exist somewhere beneath the Hudson at New York City. 

HZSTOBY OF THE CHANITELS. 

Agencies of formation, — In considering the history of the submarine channels it is necessary 
to start with an assumption as to the agencies to which their origin is due. The principal 
basis for this assumption must necessarily be the form and course of the channels themselves. 
From the soundings, which have been taken at unusually close intervals, probably closer than 
over any other submarine area of equal extent on our coasts, it is possible to contour the sea 
bottom with an accuracy comparable almost to that of topographic maps of the land surface. 
Not only are the broader features of the trough and the adjacent sea bottom brought out 
but many minor details, such as the accelerations of slope and the presence of shelves on the 
sides of the deeper canyons, are plainly shown. 

The cross section of the submarine valley from Sandy Hook to the edge of the continental 
platform may be said to be practically identical in character with that of the normal streams 
which to-day cross the emerged portions of the Coastal Plain along the adjacent coasts. The 
sloping sides and nearly flat bottom of the submarine channel correspond with the similar 
gently sloping highlands that border the terrestrial streams and their alluvial bottoms. Like- 
wise, the curves and bends of the submarine channel differ in no material way from the similar 
siauosities of the present Coastal Plain streams. 

The form and course of the trough, the presence of sand in the channel, although the 
surrounding sea bottom consists of clay, and the physical connection with the present Hudson 
River channel, except for the narrow bar of relatively recent deposits obscuring the channel 
between Sandy Hook and New York, all seem to point to a fluviatile origin. Inasmuch as 
such a channel could not be shaped by any process at work in the ocean, so far as known to 
science, and as it has none of the characteristics of a fault depression, the writer has been 
led to ascribe tentatively the origin of the shallower channel to subaerial stream action when 
the land stood from 300 to 350 feet above its present level with reference to the sea. 

The origin of the deep canyon-like gorge extending seaward from the outer end of the 
shallower channel seems to be less certain. As shown by the map * (fig. 51) and section (fig. 52), 
the gorge exhibits, both as regards its course and the character of its cross section, the normal 
characteristics of an erosion notch cut back in the mesa-like edge of the continental platform, 
and the sharp drops or falls at intervals in its bottom are equally characteristic of young erosion. 
Furthermore, it seems to represent the continuation of the inner, shallower channel, which 
the writer considers to be due probably to stream erosion. Like the inner channel, it appears 
to have none of the characteristics of a fault fissure. It can not be considered a depression 
such as might be caused by the slumping of the materials along the steepened margin of the 
continental shelf, for such a depression would necessarily be approximately parallel with instead 
of at right angles to the margin of the platform. Submarine scour as a cause of canyon cutting 
appears to be entirely out of the question. 

The theory that the gorge was excavated by stream erosion would involve an elevation 
of several thousand feet at the time of the erosion — not less than 4,806 feet being required 
by the depth of the floor of the lower part of the gorge, as shown in figure 51 . The writer, in com- 
mon with most other geologists, is loath to acknowledge the occurrence of any such elevation 
at this point in Pleistocene or late Tertiary time. It is not impossible, however, that in the 
reaction from the belief in great and rapid oscillations of level, held by many geologists a few 

* It sbotild be stated that the character of the channels was not determined from the few soundings shown on the map, but from a very laiige 
number of soundings, which oould not be indicated readily because of the small scale of the drawing. 
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years ago, the pendulum has swung too far, and the present tendency may be to minimize the 
evidences for such oscillations. Notwithstanding the violent assumption of elevation involved, 
the form and character of the gorge itself appear to be more nearly those which normally result 
from stream erosion than from any other known agency. The writer does not wish to be con- 
sidered as advocating the assumption of excessive elevation in general, and especially he does 
not wish to advocate it as an explanation of the broad troughlike submarine depressions of this 
and other localities that have been cited by some writers as erosion features, and even in the 
present instance he would go no further than to point out the apparent significance of the 
channel features. 

The principal features to be accounted for in a consideration of the history of the channel 
and canyon are (1) the rock gorge of the present Hudson River, presumably cut to a depth 
of about 700 feet below sea level; (2) a broad outer depression, in the bottom of which the 
canyon notch is found; (3) the cutting of the deep outer canyon; (4) the filling of the first 
deep channel of the Hudson; (5) the cutting of the present shallow, upper submarine channel; 
and (6) the partial filling of the inner end of the upper channel. 

Cutting of th^ lOO-foot cJianneh — The rock gorge of Hudson River proper, which is 
assumed to be about 700 feet deep in the vicinity of New York, appears to be filled solely 
with Pleistocene materials, as indicated by the Storm King and other borings; hence, unless 
earlier beds had been deposited and subsequently removed by glacial ice, its cutting is 
to be referred to a date later than that of the deposition of the latest Tertiary beds in this 
region. It was probably cut at a much later date, for the Mannetto gravel (pre-Kansan?), 
which accumulated to a height of 300 feet above the present sea level in western Long Island, 
seems to have been originally continuous with the Bridgeton formation of New Jersey, which 
is built up to at least 200 feet above sea level in the northern part of that State. After the 
deposition of the gravel, however, there was a period of uplift and erosion in which the Man- 
netto was cut to a depth of at least 300 feet below sea level, as shown by the depth of the 
buried Jameco channel of Long Island. The great length of this period of erosion, indicated 
by the almost complete removal of the thick Mannetto gravel from the Long Island region, 
is in harmony with the time required for the cutting of the Hudson River rock gorge. Inasmuch 
as there are in the later deposits no unconformities that would indicate prolonged elevation 
of similar degree, it seems that the date of the cutting of the rock channel may be referred 
with a considerable degree of certainty to the long post-Mannetto (Aftonian ?) interval. 

It is not beyond the limits of possibility, however, that the 700-foot channel may be some- 
what older than the post-Mannetto and pre-Jameco. Although the Mannetto gravel and 
Bridgeton formation were presumably continuous and stood at a considerable elevation above 
the sea in the region of the upper part of the present channel, it is not impossible that they 
were in part glacial outwashes from localized centers of dispersion, and in that case a gap 
might have been left in the region of New York City in which a pre-Mannetto channel might 
have persisted. 

The channel began at some point well above New York City, for soundings to a depth 
of 650 feet in its fillings have been made as far north as Storm King Mountain, 50 miles above 
the city.* It extended southward and southeastward probably to the edge of the continental 
shelf. Possibly the land along the northern part was more elevated than that near the coast, 
and the excavation was therefore less near the sea than farther up the valley. That the gorge 
was excavated to a depth of more than 300 feet in the vicinity of New York City, however, 
has been established by borings, and a channel of at least that depth, if not of 700 feet, appar- 
ently must be assumed as having been formed across the continental shelf. 

The broad outer depression, — Well-marked shelves occur at intervals on both sides of the 
canyon portion of the submarine channel, from the inner to the outer end. (See fig. 52, p. 61.) 
They are not continuous, however, the total space occupied being only about half the length 

1 Kemp, J. F., Oar knowledge of the filled cbannel in the Hudson of the Highlands and the submerged gorge on the continental shelf: Science, 
new ser., vol. 29, 1909, p. 279. 
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of the gorge, and some of those at iip-channel points are lower than those at down-channel 
points. Inasmuch as their absence can not be accounted for by incompleteness of soundings, 
it does not seem likely that the shelves represent an old valley marking a separate epoch in the 
history of the channels, as their appearance at first suggests. 

The ovier canyon, — The narrow, steep-sided, and deep outer canyon, although it is the most 
marked feature of the submarine channel system, would appear to require, if due to stream 
erosion, but a relatively short period for its formation, as compared with that needed for the 
excavation of the long rock gorge of the Hudson. This fact is emphasized by the great drops 
or falls in its bed, which could not exist had the period of canyon cutting been as long as that 
of the rock gorge. Probably it extended but little north of its present head, for there appears 
to be little evidence, to judge from the contours of the bottom, of anything more than a slight 
filling by later deposits. 

So far as its observed fe^,ture8 indicate, the outer canyon might have been formed during 
either the post-Mannetto or the Vineyard interval of erosion. The soundings, however, seem 
to show that it was to some extent filled at its head by the great series of deposits that obliterated 
the continuation of the 700-foot channel; hence it must apparently be referred to the same 
general period of erosion as that channel. If due to stream erosion at all, it must be referred 
to an elevation of great magnitude, occurring at the close of the postr-Mannetto erosion stagei 
but of so transient a character that the chief work of erosion consisted of a notching of the e(^e 
of the continental shelf, the land back of this point being but little affected. 

Obliteration of the earlier channels. — The post-Mannetto erosion was followed by a long period 
of deposition, as shown by the thick conformable series of deposits, including the Jameco gravel, 
Gardiners clay, and Jacob sand. During this period, so far as known, the sea bottom in the 
vicinity of the channel remained constantly below sea level. The deposits, which have a 
thickness of 200 feet or more on Long Island, doubtless extended far to the south and laigely 
buried the early channel. The obliteration was probably cotnpleted by the outwash of the 
several stages of Manhasset deposition, including the Herod gravel member, the Montauk 
till member, and the Hempstead gravel member, which, although not having anything like 
the maximum thickness of 300 feet observed on the island, doubtless formed a sheet of con- 
siderable thickness. 

Cutting of the present upper channel, — The upper channel has a depth at its outer end of 
only about 350 feet, hence an elevation of the land of this amount will explain its formation. 
As no time break is indicated in the deposits of Long Island from the beginning of the Jameco 
to the close of the Hempstead deposition, and as there are nowhere on the island, even on 
the exposed coasts, any erosion channels referable to Wisconsin or post- Wisconsin elevation, 
the formation of the upper channel is most logically referred to the Vineyard interval of erosion, 
following the Manhasset deposition. ThevaUeys in the Manhasset deposits, although some- 
what modified and partly filled with Wisconsin accumulations, are known to extend some 
distance below sea level at many points along the north shore, indicating a higher position 
of the land than at present. These valleys, most of which mark small intermittent streams, 
naturally are not nearly so deep as the channel formed by the large Hudson stream, and in 
themselves indicate little as to the absolute elevation of the land, which is shown only by the 

. submarine channels such as that of the Hudson. 

I :- * Filling of the upper channel, — The upper chaimel has been largely obliterated north of 

Sandy Hook, in part by the Wisconsin outwash and in part through the shifting of the sands 
by the littoral currents that now sweep along the coast. Its termination is somewhat indefinite, 
but where last recognized seems to point toward Jamaica Bay. As the Manhasset deposits 
contain no gap or channel marking the position of any outflowing stream, the bend seems to 
be without significance, so far as Long Island is concerned, and is probably simply one of 
several bends between Sandy Hook and North River at New York. 
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STRATIGRAPHIC GEOLOGY. 
METHOD OF MAPPING. 

The geologic map accompanying this report (PL I, in pocket) sets forth the present state 
of knowledge of the geology of Long Island so far as it can be represented with the data at 
hand. It is to be noted, however, that here as elsewhere the glacial deposits of one type in 
places grade insensibly into those of another with no sharp line of demarcation. As boimdaries 
are necessary they have been placed where they seem, all things considered, to bring out best 
the relations it is desired to show, even if no exact line can be recognized in the field. Other 
real inaccuracies in detail have doubtless resulted from the fact that a large part of the work 
in the interior of the island was done before the topographic survey was completed and without 
any accurate base, as a consequence of which many features could be located only with difficulty, 
if at all, on the new base. More or less generalization has also been unavoidable because of 
the small scale of the map. 

This map shows the outcrops of the older Pleistocene beds as exposed in the bluffs in 1903 
and 1904, but as the condition of the exposures is constantly changing many sections then 
observed will now be found to be destroyed and their places to be taken by exposures not then 
visible. There will also be much difficulty in distinguishing some of the beds in certain locali- 
ties. For instance, the Wisconsin till and the Montauk till member of the Manhasset forma- 
tion in some places so closely approach each other in character that it is diflBcult to separate 
them when in contact, and they may appear as a single unit. It is for this reason that the 
Montauk member is not shown as occurring on the North Fluke, although in all probability it 
is present in the greater part of the length of the bluffs. Again, where the Montauk member is 
composed of reworked Gardiners clay, it is almost impossible to distinguish it from the true clay 
except in the few places where granite pebbles have been incorporated in the reworked mass. 

In mapping the outwash areas considerable generalization has been necessary, as all grada- 
tions between pure outwash and nearly pure Manhasset occur. From the relations of the two 
deposits it is to be expected that Manhasset remnants may be foimd here and there projecting 
above the areas shown as outwash, and in some of the compound areas it may be difficult to 
detect any outwash. In fact, in many such areas the outwash is confined to a few channels. 

The geologic map is not strictly a lithologic map, the attempt being made to bring out the 
history and relations of the deposits by means of a system of solid underprints representing 
the fundamental formations with overprints showing the superficial deposits. 

The dune areas are probably much more extensive than is iudicated, although the mantle 
is thin in places and the underlying deposits may show through. Where the developments 
are weak the topography is not striking, and owing to the covering of forest and the absence 
of sections, the full extent of the old dune areas is very difficult to determine. 

PBE-CBETACEOXJS BOCKS.< 

The basement deposits of Long Island, originally considered in large part ^^Primitive'^ or 
composed fundamentally of metamorphic rocks, have been successively classed or mapped as 
alluvium, diluvium, Tertiary and drift, and Cretaceous and drift. The early conception of 
simplicity of the drift has hkewise been abandoned, and where one formation was originally 
known at least five are now differentiated and a complex series of events is recognized. 

The pre-Cretaceous rocks of Long Island consist chiefly of pre-Cambrian gneiss with 
intruded dikes of granite and a Uttle dolomitic limestone. The gneiss, which is known as the 
Fordham gneiss, is of a gray color and is made up of bands rarely exceeding 2 inches in thick- 
ness. The bands differ widely in composition, some being highly quartzose, others biotitic, and 
still others pegmatitic. The banding stands at a very high angle and strikes about N. 25° E., 
being parallel with the course of that part of East River near Blackwells Island. The gneiss forms 
the western shore of Long Island from Lawrence Point southward to Newtown Creek. The 
dikes occur as narrow intrusions of gray and reddish granite, usually parallel to the band- 

« For a more detailed descTiption see Merrill, F. J. 11., New York City folio (No. 83), Geol. Atlas U. S., U. 8. Geol. Survey, 1902. 
1629**— 14 6 
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ing of the gneiss, and, being somewhat more resistant than the surrounding rock, have given 
rise to many of the islands of upper East River. Many small dikes occur in the vicinity of 
Ravenswood, and there are pegmatitic masses of considerable size at Hunters Point. 

The dolomite, which is known as the Stockbridge dolomite, consists of alternating layers 
of coarsely crystalline dolomite and limestone. It is well bedded, the layers standing at high 
angles and striking parallel to the gneiss. It is mapped by Merrill as a narrow band crossing 
the neck west of Astoria and has been encountered in at least two borings in East River. 

Whether the Fordham gneiss is of sedimentary or igneous origin is not known, for the 
metamorphism that it has undergone has been sufficient to destroy all its sedimentary features, 
if any ever existed. It is, as already stated, of pre-Cambrian age. The Stockbridge dolomite 
is clearly of sedimentary origin and is regarded as being of Cambrian and Ordovician age. The 
granitic and pegmatitic intrusions in the gneiss are younger than the dolomite, for they cut 
the Hudson schist (Ordovician), which overlies it, and are therefore of Ordovician or later age. 
These rocks have been compressed into close folds in which the beds stand nearly vertical, 
as shown in figure 54. There is considerable evidence that faulting has frequently taken place 

in the region, that 
the structure of the 
rocks ismore complex 
than is shown in the 
sections, and that it 
may even have had 
a considerable influ- 
ence on the topo- 
graphic expression 
of the East River 
region. 

The metamorphic 
rocks are seen at the 
surface only in a nar- 
row strip along East 
River, at the extreme 
west end of the island, 
but they have been 
encountered in a large 

number of wells in Brooklyn, in Long Island City, and at several points eastward to Wood- 
haven and northeastward to Manhasset Neck. From these occurrences it is possible to contour 
the rock surface roughly, as shown in Plate XV. The contours show that this surface slopes 
southeastward at an average rate of about 100 feet to the mile for a distance of 5 miles or 
more. Many minor irregularities are brought out by weUs that are close together, but on the 
whole the slope seems to be very even in the western part of the island. At Greenport, near 
the east end, the slope is considerably less, rock being encountered at a depth of 670 feet at a 
point 11 miles from the outcrops on the mainland. The statements in regard to the well on 
Fishers Island are conflicting, the depth to rock being given as 150 feet, 204 feet, and 281 feet.^ 

CBETACEOUS SYSTEM. 

The discoveries of fossils by which the existence of Cretaceous deposits was established 
have been described in the review of geologic literature (pp. 4-22). The well records collected 
in connection with the recent work and the discovery of evidences for separating the 
Pleistocene from the Cretaceous clays, with which they had often been included, have made it 
possible to determine the character and distribution of the CVetaceous beds within fairly close 
limits. The well records have already been published in Veatch's report.' 




1 



Seal* 

I 



i 



milM 



FiouRK 54.— SectioDS from Hudson River to Long Island, showing in a general way the folded and eroded 
character of the bedrock underlying Long Island. (After Merrill, 1902.) fgn, Fordham gneiss (pre-Cam. 
brlan); eSs, Stockbridge dolomite (Cambrian and Ordovician); Sh, Hudson schist (Ordovician). 



1 Prof. Paper U. S. Oeol. Survey No. 44, 1006, pp. 17, 167, 337. 



> Idem, pp. 110 et seq. 
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MAP SHOWING POSITION OF BEDROCK IN WESTERN LONG ISLAND. 

By A. C. Veatch. 



CEBTACEOUB SYSTEM. 



OHABACTBB OF THE DEPOSITS. 

The CretaceouB depomts of Long Island differ extremely in composition within short dis- 
tances. One well may show several hundred feet of clay and an adjoining well may show an 
equal amount of sand. Nevertheless there appears to be a certain general sequence, which is 
shown in the columnar section forming figure 55, 

The term "basal clays" is applied to those at the base of the Long Island Cretaceous sec- 
tion as it has been disclosed by well borings, or in other words those lying beneath the Lloyd aand. 
Relatively few sections of these lower beds are available, but they seem to con^st rather uni- 
formly of dirty white, gray, and blue clays, with a few beds of gray sand and some grayish 
quicksands. Their total thickness probably ranges from 100 to 200 feet. The beds are no- 
where exposed at the surface and are encountered in only a few of the wells near the west 
end of the island. 

Veatch ' has given the name "Lloyd sand" to the bed of yellow to ' * 

white quartz gravel and sand with some clayey layers lying next above 
the basal clays. This is the main Cretaceous water bed and is usually 
about 80 or 90 feet thick. It does not outcrop anjrwhere at the surface 
but is probably not much more than 100 feet below sea level near College 
Point and in parte of Long Island City. 

Above the Lloyd sand is a group called "red clays" but contain- 
ing beds of yellow, salmon-colored, red, brown, chocolate-colored, and 
black clays, with a few relatively thin beds of sand, the total thickness 
ranging usually from 100 to 250 feet but in places exceeding 400 feet. 
The clays are found in the wells of the north shore, and are to be seen 
south of Mott Point, on Manhasset Neck, north of Glen Cove, and in the 
beach below high water at Rocky Point, Cold Spring Harbor. 

Above the colored claya is a bed of "white sand" and clay reach- 
ing a thickness of at least 100 feet. This is the white arkose sand ex- 
posed on the east side of Hempstead Harbor, near Sea Cliff, at Latting- 
town, at Center Island, and on XJoyd and Eaton necks. 

The white sands are overlain by about 75 feet of "yellow clays," in- 
terbedded with red and brown layers. These lighter clays crop out along 
the shore of Cold Spring Harbor for more than a mile south of Lloyd 
Beach. 

Next above these clays stratigraphically are the dark alate-colored 
clays of Little Neck and their chocolate-colored to black equivalents 
along the Sound 4 miles northeast of Northport. These beds are ex- 
posed in many clay pits and are seen to be well stratified and to cairy, 
in the latter locality, numerous concretions. Several beds of lighl^ 
colored sand are included among the clays. The thickness of this group, 
which is designated "dark clay" in figures 55 and 56, is estimated to be about 75 feet. 

Nothing is seen of the Cretaceous between the north coast and the Dix Hills, 4 miles south 
of the Little Neck outcrop, where imdifferentiated beds of yellow, gray, and white clays of 
probable Cretaceous age were encountered in a cistern. Five miles farther south, near 
Wyaadanch, there are considerable exposures; and at Bethpage and Farmingdale, a few miles 
west of Wyandanch, thick beds of clay are exposed in the clay pita. Allowing a dip of 65 feet 
to the mile, which is that observed at Oyster Bay, and allowing for a difference of 100 feet 
between the surface elevations, we find that a stratigraphic interval of nearly 600 feet must inter- 
vene between Little Neck and Bethpage. According to Veatch's well records this interval is occu- 
pied mainly by yellowish sand, with a clay bed here and there, as at the base of the Dix Hills. 
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A group that may be called "buff clays" includes the gray, salmon, and buff clays at Beth- 
page and Farmingdale and the yellow, buff, and dh-ty-brown shaly clays near Wyandanch. 
The observed thickness and the distribution of these clays indicate that their aggregate thick- 
ness is, roughly, 100 feet. 

Above the clays at Wyandanch and Bethpage is seen the "yellow sand." Talus slopes 
of this sand also appear at many points on the hillsides, and it was seen in a roadside section 
below the crest of the ridge west of Melville. A few clayey streaks occur in it, but the section, 
so far as known, is sandy throughout a thickness of 150 feet. 

On the crest of the ridge west of Melville, beginning about 41 feet from the top of the hill, 
the following section was recorded by G. N. Knapp and the writer: 

Section of marly beds ruar Melville. 

Ft. In. 

1. Sandy marly clay, greenish gray 6 

2. Ferruginous, partly indurated, marly clay, yellowish brown 6 

3. Marly clay; greenish marl, with chocolate-colored clay base 1 

4. Ferruginous (weathered) micaceous clay marl, yellowish brown 6 

5. Clay marl; fine green sand mixed with chocolate-colored clay and some quartz sand; typical 

Merchantville of New Jersey (bed No. 1) 1 

6. Weathered, somewhat sandy, semi-indurated clay marl, yellowish brown 1 

7. Clay marl (same as No. 5, above) 1 

8. Iron plates alternating with marl, clayey sand, and gravel , 2 6 

9. Coarse green marly sand and clay, with abundant green sand ; some quartz pebbles one-fourth 

to one-half inch in diameter; resembles arkose; weathered pits in lower half; like top of 
clay marls of New Jersey 3 

11 

These beds and some greenish clays observed by Veatch at 156 feet in wells at Quogue 
and 155 feet in wells at Bridgehampton; at about the same stratigraphic horizon, are among 
the few representatives of the marl series that have been found on Long Island. The marly 
deposits of this section were first described by Veatch * as arkose, but in his final report ' were 
referred to the marl series on the basis of the observations of G. N. Knapp and the writer. 

DISTRIBirriON OP CRETACEOUS DEPOSITS. 

SXrBFACE OTTTCaOPS. 

Elm Point, — ^The westernmost important showing of Cretaceous beds on Long Island is 
situated at Elm Point, on the west side of Great Neck, between Manhasset and Little Neck 
bays, in North Hempstead Township. The Cretaceous deposits at this place consist of about 
30 feet of dark-gray clay containing a few lignitic fragments, overlain by 15 to 20 feet of 
Pleistocene gravel and till. 

TJuxmcLSton. — ^A smaU exposure of sand and other material may be seen in a railway cut 
between Thomaston and the head of Manhasset Bay, at the base of Great Neck. 

West side of Hempstead Harbor. — ^The first indications of the Cretaceous in a journey north 
from Roslyn are found a short distance north of the sand spit known as Bar Beach, where white 
or yellowish Cretaceous clays are occasionally encountered in excavations at the bottoms of 
gravel pits. A little farther north white clayey arkose sands and bleached quartz pebbles appear 
amid the Pleistocene talus, and a considerable number of small exposures of the same material 
are seen in places. The sands are cross-bedded, although on a small scale, and contain many 
pinkish streaks. The Cretaceous also shows up to an elevation of 150 feet along the highway 
leading from Hempstead Harbor to Port Washington Harbor, about a mile north of Bar Beach. 
In a section at the highast point the Cretaceous was found in 1903 to be upturned at a high angle, 
the contact with the Pleistocene being absolutely vertical for the entire depth of the cut (about 
25 feet) . The materials here were mainly white, cream, and pink clays and sands. These belong 
to the "white sands'' of figure 56. 

1 Veatch, A. C, Notes on the geology of Long Island: Science, new ser., vol. 18, 1903, pp. 213-214. 

• Veatch, A. C, and others, Underground water resources of Long Island, New York: Prof. Paper U. S. Oeol Survey No. 44, 1906, pp. 20-22. 
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Another good exposure is about hAlf a mile south of Mott Point, where 15 feet of yellow- 
ish and reddish clay was seen in the bluff in 1905, and beds of cream, salmon, red, and black 
Cretaceous clays from 6 inches to several feet in thickness crop out on the beach between high 
and low tide limits. They are referred to the red-clay bed of figure 56. 

Ghn. Gove. — A little north of Glen Cove Landing there ia an outcrop of contorted yellow, 
pink, gray, and black plastic clays having crusts of hematitic sand and containing pyrite con- 
cretions. They have an entirely different aspect from the gray and yellow sandy clays (Pleisto- 
cene) between Weeks and Red Spring points and have yielded plant remains that establish their 
Cretaceous age. The clays are hidden near the landing, but are well exposed a quarter of a mile 
farther south and continue for many hundred feet. White, cream, yellow, red, purplish-red, 
gray, and black clays occur in strong contortions in which granitic gravels appear to be involved, 
for they clearly underlie the Cretaceous clay in overturned folds at one point. The beach is 
covered with a shingle of hematitic sandstone plates. The outcrops belong to the red-clay bod 
of %ure 56 and are overlain by more or less of the succeeding white-sand bed. 




FullCT. Legend amuged 



Sea Gliff. — ^The first outcrop seen near Sea Cliff was in a sand pit on the south side of Mos- 
quito Cove, opposite Glen Cove. Here 10 feet of white cross-bedded Cretaceous sand occurs 
unconfonnahly below Mannetto gravel. At short intervals from this point to Sea Cliff there 
are exposures of Cretaceous deposits, mainly glaring white sand and sandy clay. Thick sections 
are to be seen in some of the big sand pits. Southward from Mosquito Cove there are traces of 
white sand and clay in the bluffs for a distance of half a mile, but no good exposures occur. A 
show of white clay occurs three-fourths of a mile south of Glenwood Landing. The materials 
are referred to the white-sand bed of figure 56. 

Lattingtown. — -The exposure of Cretaceous near Lattingtown is in a day pit, 6 or 7 feet 
deep, situated just south of the highway, three-quarters of a mile southeast of the village, at 
an elevation of 130 feet. The materials are whitish clay locally tinged with pink and sdmon. 
lattle sand is present. They belong near the transition from the red clay to the white sand of 
the section shown in figure 55. 
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MiU Neck. — An outcrop in the railroad cut across the neck between Oyster Bay and Mill 
Neck station is mapped by Woodworth but is not described. Its stratigraphic position appears 
to be near the top of the white sand bed of figure 56. 

Center Island, — The best exposure of clays on Center Island was seen at Rocky Point at 
the mouth of Cold Spring Harbor, where in the beach between high and low tide marks is a 
series of yeUow and dark-gray to jet-black, very plastic clays, free from grit and similar to those 
near Glen Cove and Mott Point, with which they are correlated. The darker clays seen in 
the bluffs above tide level appear to be Pleistocene. On the west side of Center Island, just 
south of the point where it is nearly bisected by the marsh, an artificial pit showed in 1905 
several feet of white clay streaked with white and pink sand belonging to the white sand of 
figure 56. White sand and grayish clay were also cut by the dredge in digging a basin a quarter 
of a mile south of the neck connecting with the main island. 

Cold Spring Ilarhor. — There are two outcrops of Cretaceous materials on the west side 
of Cold Spring Harbor, one about half a mile south of Coopers Bluff and the other opposite 
the village of Cold Spring Harbor, half a mile northwest of the sand bar. The former shows 
only a few feet of white clayey sand, possibly talus, but the latter shows 10 feet or more of 
white sand and a considerable amount of yellow, white, and salmon-colored clays in the beach 
between high and low water marks. The sand belongs to the white-«and bed of figure 56, and 
the clays to the overlying yellow clays. 

The best exposure on the east side of the harbor is in the large abandoned clay pits just 
south of Lloyd Beach, connecting Lloyd and West necks. In the bottoms of the pits the 
material seems to be light to dark gray clay, overlain by a considerable thickness of yellow 
and red clays. Many local variations of color and composition occur. The deposits belong 
to the yellow clay of figure 56. South of the pits red and white sands show in the beach at 
intervals for a quarter of a mile, and yellow and white sands with scattered traces of clay occur 
for the next three-quarters of a mile. These deposits are included with the Cretaceous on the 
map, although there is some reason for thinking that they may be reworked material. 

The following is a section of the deposits exposed in this vicinity as given by Merrill * in 
1886. The correlations are by the present writer. 

Section on Cold Spring Harbor. 

Feet. 

Wisconsin: Till and stiatiiied gravel 10 

Manhaaset formation: Quartz gravel 46 

Cretaceous: 

Red and blue *'loain " or sandy clay 20 

Diatomaceous earth : 3 

Yellow and red stratified sand 20 

Red plastic clay 20 

Brown plastic clay 25 

Descriptions of the diatoms have been published by Ries. (See p. 78.) 
Uoyd AVoJr. — The best exposure on Lloyd Neck is in a high bluff on the north side about 
thrtHMiuarters of a mile east of Lloyd Point. The foUowmg section was exposed in 1903: 

Section on Lloyd Neck, 

Feet. 

Dune sand ^ 10 

Bn>wnish loamy till (Wisconsin) 10 

Gravel and buff sandy clay, meiging locally into lenses of till (Manhasset formation, with lenses of 

Montauk till member) 30 

Bright-red clay mixed with overlying gravel (Montauk?) 2 

White and pinkish clayey cross-bedded sand (Cretaceous) 48 

The sand is somewhat arkost*-like, and much of it is finely cross-bedded. Its character is 
shown in Plate XIV, B (p. 56). It belongs to the white-sand bed, figure 56. 

Another exi>osure of clay is found hi the bluff facing Cold Spring Harbor just north of the 
north end of Lloyd Beach. For some distance along the beach at this point there is here and 

» Merrill, F. J. H., On the g:eology of Long Island: Annals New York Acad. ScL. vol. 3, 1SSI>. p. :W>. 
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there an outcrop of yeUowish clay, more or less undulating or folded, dipping in places as much 
as 35°. It is underlain by a bed of gravel, which is mainly quartz but yields a few pebbles of 
decomposed granite, indicating that it is probably to be regarded as Pleistocene. The Cretaceous 
should be only a few feet lower, however, and it may be exposed from time to time as the waves 
cut into the beach or bluflF. 

Oreat Neck, Huntington. — At the end of Great Neck, northeast of Halesite, there are a number 
of exposures of Cretaceous deposits. Not far from the point where the highway reaches the 
beach a light-gray plastic clay, with a tinge of pink, is seen at beach level. A Uttle farther 
along traces of chocolate-colored clays occur, followed in the next half mile by indications of 
salmon-colored and light-gray clay. White and pinkish clays appear at a number of points, 
the southernmost being just south of the little cove around which the road circles. The beds 
appear to belong near the top of the yellow clays of figure 56 and were formerly extensively 
worked. 

Little Neck, Huntington. — Cretaceous beds are exposed on both sides of Little Neck for 
half a mile south of Little Neck Point. On the west side little but white cross-bedded sands is 
to be seen, although a dark-gray clay shows through the beach at one point. On the east 
side, however, the Cretaceous is well shown, both in the bluffs and in the big sand and clay 
pits. One pit contains 20 to 25 feet of coarse white Cretaceous sands, the materials being 
stratified on a broad scale instead of cross-bedded, as is usual. Another pit shows 30 to 40 feet 
of finely stratified and perfectly jointed black and gray clay containing large pyrite concretions 
and many leaves and even lignitized tree trunks (PL XVII, -4, p. 82). White clay is said to 
underlie the dark clay but was not exposed in 1905. Twenty feet of gray and olive-colored 
clays were exposed in a bluff a quarter of a mile south of the wharf at the sand pit in 1905 and 
are referred to the dark clays of figure 56. 

Eaion Neck. — ^The Cretaceous materials are best exposed on the west shore of Eaton Neck, 
from Winkle Point on the south to a point about half a mile north of the north end of West 
Beach. At Winkle Point the Cretaceous is represented ty only a small show of pinkish sand, 
but in a large amphitheater a quarter of a mile farther north, on Price Bend, more than 30 feet 
of pink, yellow, and white sands with ferruginous concretions and hematitic sandstone plates 
are exposed. Half a mile farther north, and not far from the head of Price Bend, 20 feet of 
pink and white sand is exposed in the bluffs. In the high bluff just north of West Beach there 
is about 30 feet of similar material with a few clay streaks. Beginning a quarter of a mile 
north of the bluff, 10 feet of brown and black micaceous clay overlain by yeUow sand is seen 
at intervals for half a mile. Three feet of white Cretaceous clays show on the east shore of 
Eaton Neck about half a mile southeast of Eaton Neck Light. These beds fall mainly in the 
white sands of figure 56. 

Northeast of Northport. — The most easterly exposure of the Cretaceous on Long Island is 
on the Sound shore about 4 miles northeast of Northport or a mile north of Fort Salonga village. 
Here great masses of chocolate-colored and dark-gray to black clays have been upturned on 
the beach by landslides, and lighter-brown clays containing numerous calcareous concretions 
were to be seen in a clay pit opened in 1903. There seems to be at least 30 or 40 feet of the 
clays at this point. They are referred to the dark-clay bed of figure 56. 

Dix Hills. — On the west base of the northern extension of the Dix Hills, IJ miles south 
of Greenlawn, there is an exposure of yellow quartz gravel free from granite pebbles and under- 
lain, as shown by a cistern, by at least 12 feet of white, gray, and yellowish clay. It is regarded 
as Cretaceous and is referred to the undifferentiated beds of the standard section. 

Wyandanch. — Cretaceous exposures occur in some old clay pits in a deep valley in the 
Half Hollow Hills a Uttle northwest of Wyandanch (West Deer Park). In the northernmost 
pit the clays are much disturbed, being in places upturned at an angle of 30°, apparently as the 
result of creep. The lowest deposits seen are nearly jet-black lignitiferous clay containing 
large concretions or disseminated crystals of pyrite. Above this there are locally red and white 
variegated clays. A deep, narrow pocket of yellow sand occurs in the surface of the clay, but 
whether as an infolded mass or in a small erosion channel could not be determined. On top is 
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a bed of structureless sand and pebbles and granitic fragments resembling till. Elsewhere in 
the pit 10 to 15 feet of stratified yellow gravel was seen above the clay, and in an adjacent pit 
from 10 to 15 feet of brownish-gray shaly clay occurred. There were some small granitic frag- 
ments on the surface. A pit 800 feet south of the first exposed 5 feet of yellow gravel with gran- 
itic fragments on the surface. Below this was 10 feet of white and buff sand, and at the base 
10 feet of salmon-colored and white clay. The sections in these pits differed greatly, even at 
points only a few feet apart, and no generalized section can be given. The beds are correlated 
with the buff clays of figure 56. 

Farmingdale and Bethpage, — Clay is exposed in the pits of the brickyard just north of 
Farmingdale. At the time of the writer^s visit from 20 to 35 feet of material was exposed. 
This comprised an upper layer of structureless gravel resembling till, from 1 to 8 feet thick, 
resting on a very irregular surface of gray, yellow, and pinkish clay having a maximum thick- 
ness of 10 feet. Below this layer the clay was darker, ranging from chocolate-colored to dark 
brown or nearly black. . About 10 feet of this dark clay was exposed in 1903. The surface clays 
are somewhat disturbed, the structure being accounted for by creep. They belong to the buff 
clays of figure 56. 

The conditions at the Bethpage pit are very similar to those at Farmingdale. 

Melville. — ^At the top of the ridge near Melville the following section is exposed. 

Section near Melville. 

Feet. 

Yellowish gravel with rotten granitic pebbles 40 

Fine orange-colored sands (**fluffy ") 6 

Marly sands 11 

Gray, red, and yellow variegated clay with sand layers 6 inches to 2 feet thick 13 

Coarse white or yellowish clayey sand 18 

88 

The yellowish gravel at the top is referred to the Pleistocene; the orange-colored sands, 
which resemble the so-called *' fluffy" sands of Miocene age near Kirkwood, N. J., may belong 
to the Tertiary; the remainder is Cretaceous. Details of the marly beds have already been 
given (p. 68). The clay series consists of about a foot of ferruginous platy sandstone at the 
top, followed by 9J feet of irregularly bedded stiff, fatty, brittle gray clay blotched with red 
and yellow streaks alternating with laminai or thin layers of sand, the sand layers being more 
numerous near the base. At the bottom is 2 J feet of orange-colored sand with some clay streaks 
and a few ferruginous plates and layers stained with manganese. The lower sandy member 
is horizontally but irregularly bedded, the bedding lines being darker and somewhat more 
clayey than the rest. These beds are the liighest Cretaceous deposits encountered at the sur- 
face on the island and are to be referred to the marl stratum of figure 56. 

CRETACEOTTS DEPOSITS PENETRATED BY WELLS. 

Evidence as to the character of the Cretaceous deposits below the surface must be derived 
from well records. Fortunately many deep wells have been sunk on Long Island and a large 
number of records were collected in connection with the studies of the water supply. Some 
of the more typical of these records are presented here. One of the striking features brought 
out by them is the large proportion of sand in the deposits, much more being shown than the 
surface outcrops would seem to indicate. The records are quoted from A. C. Veatch/ and the 
nimfibers are those used by him. The first record, which is that of a well in the northern part of 
Brooklyn (WiOiamsburg) , near East River, gives a representative section of the deposits at the 
extreme west end of the island. 



» Prof. Paper U. S. Geol. Survey No. 44, 1906, pp. 168-337. 
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66, Record of well at Meeker and Kingsland avemiesj Brooklyn. 

Feet. 

Filled ground 0-5 

Wisconsin: 

Blue clay with bowlders 5-16 

Sand and small bowlders with water 16-32 

Blue clay 32-72 

Light-gray clay 72-180 

Cretaceous: 

Sand — not water bearing 180-180. 6 

Blue clay 180.5-205 

Light-greenish clay, passing into dark-greenish clay containing small concretionary 

masses ,. 205-215 

Yellow and dark-colored sandy clay 215-225 

Pre-Cretaceous: 

Rock, mica schist 225- 

The deposits thicken rapidly southward and eastward and even the deepest wells are far 
from penetrating the full thickness of the Cretaceous. The following section shows the char- 
acter of the beds penetrated at Long Beach, 18 miles southeast of Brooklyn. 

^7^. Record of well of Long Beach Association at Long Beach. 

Recent: Feet. 

White beach sand, with waterwom fragments of shells 0-36 

Dirty-gray sand, with small quartz pebbles and particles of vegetable matter 36-40 

Tisbury [Manhasset formation]: 

Fine to coarse gray sand, with a few small quartz pebbles (salt water) 40-50 

Medium gray sand; no gravel 51-55 

Grayish-yellow sand and small gravel, with a few greensand grains 55-65 

Yellowish-gray sand 65-70 

Orange-yellow sand and gravel, similar to Rockaway material 70-73 

Sankaty [Jacob sand and Gardiners clay (?) ]: 

Gray sand and gravel, similar to overlying bed in texture, but not iron stained 73-76 

Large quartz gravel and pieces of blue clay containing sand and gravel 76-82 

Jameco: 

Dark, multicolored coarse sand and gravel; considerable percentage of flattened shale 
pebbles; only 50 to 60 per cent of quartz; some biotite; looks as if it might be a sam- 
ple taken from the Wisconsin moraine in the center of the island 82-90 

Cretaceous: 

Black sand composed of fine gray quartz sand with a large percentage of lignite; some 

FeS and S; several large pieces of lignitized wood at 99 feet 90-99 

Grayish sand with some free sulphur and a few particles of lignite 99-107 

Wliite sand with occasional patches tinged lemon-yellow, perhaps due to iron stains; a 

few particles of free sulphur 107-111 

Dark-gray silty sand 111-119 

WTiite sand with small pieces of lignite; note on bottle says "120, petrified wood" 119-121 

Very dark colored clay ("blue clay ") 121-135 

Coarse gray clayey sand, with particles of sulphur 135-143 

Medium dark-gray sand (salt water) 143-145 

Very coarse dark-gray sand 145-156 

Olive-green sand and small quartz gravel; some sulphur salt water 156-158 

Very dark lead-colored clay 158-174 

White sand, containing at 190 feet a log of lignitized wood 174-192 

White gravel and salt water 192-196 

Clay 196-200 

Fine sand 200-220 

Solid blue clay; at 270 feet fresh water, sweet and chalybeate 220-270 

White sand and wood 270-276 

Clay 276-282 

Wh ite sand and wood 282-297 

Blue clay 297-305 

White sand, wood, and water 305-308 

Blue clay 308-317 

White sand containing wood and artesian water 317-325 
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Cretaceous — Continued. Feet. 

Blue clay 325-340 

White sand and mineral water; has considerable CO2, sparkling and effervescent 340-356 

Blue clay 356-360 

White sand and pure water 364-378 

Blue clay 378-380 

White sand 380-381 

White clay 381-383 

Fine sand with artesian water , 383-386 

The next section is that of a well on the north side of the island between Hempstead Harbor 
and Oyster Bay, which cuts beds of a stratigraphically lower horizon. 

470. Record of C. 0. Gates's well near Peacock Point. 
Pleistocene: Feet. 

Sand and gravel 0-40 

Greenifih-gray sandy clay, with a few quartz pebbles 45 

Dark reddish brown sandy clay, with some biotite 60-80 

Transition: 

Fine gray sand 90 

Cretaceous (undifferentiated) : 

I^aminated reddish-brown sandy clay; no biotite 95 

Very fine pinkish-white micaceous sand 100 

Lig^t-giay mediimi micaceous sand .- 105-130 

Dark grayish brown sandy clay 135 

Pebbles of ferruginous sandstone 140 

Laminated red and white clay. In the fragments furnished the laminations show very 
great distortion; whether this \r the natural condition of bed or is the result of the 
method of taking samples is not known. Sample 17 contains a few fragments of a 
lamellibranch, but the sample shows evidence of having been laid out on the ground 

before it was packed in the bottle, and the shell may have been picked up there 145-160 

Brick-red, very plastic clay 165-190 

Cretaceous (Lloyd sand) : 

Fine reddish sand; the red color seems to be due in a great measure to the red clay from 

the overlying bed 195-210 

Medium ligjit-yellow sand 215-225 

Fine to coarse light-yellow quartz gravel, with a few fragments of white, chalky-looking 
chert 230- 

The following section shows the materials encountered in a well on Eaton Neck only a few 
nules from the point where the Cretaceous surface descends permanently below sea level: 

€70. Record of L. A. Bevm*s well on Eaton Neck. 

Pleistocene: Feet. 

White sand and gravel; with a percentage of erratics 15-30 

Cretaceous: 

Medium-coarse white sand 40 

Sand and small pebbles with a rather pinkish cast 50-75 

Coarse pinkish-white sand 80 

Medium white micaceous sand 90-100 

Very fine gray micaceous sand 110 

Medium to coarse white sand 120 

Small angular quartz pebbles, evidently broken from laiger ones 130 

Medium to coarse white sand 130 

Medium white sand 150 

White clay ("kaolin ") 159-160 

Small white quartz pebbles 165 

Fine gray micaceous sand 250-300 

Medium-coarse white sand 215-240 

Fine white micaceous sand 250-300 

Medium yellowish-white sand 310-330 

Fine sand and small quartz pebbles 335-350 
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The two followijig sections show the character of the Cretaceous deposits underlying the 
North and South flukes of Long Island: 

892. Record of test well ofGreenport waterworks, Greenport. 

Feet. 
Wisconsin: Yellow gravelly material 0-20 

Tisbury [Manhasset fonnation]: Alternate eeriee of sands and gravel 20-100 

Sankaty [Jacob sand and Gardiners clay (?)]: Brown clay similar to that in Sanfoid's brick- 
yard 100-150 

Jameco: Fine sands ' 150-226 

The well was then completed by Mr. E. K. Hutchinson, the only record kept being a few 
samples in a test tube preserved by Mr. Fred Klip. These show the following materials: 

Coarse yellow sand and gravel (probably glacial) 225- 

Goarse quartz sand * 

CoaiBe quartz pebbles (one granite pebble) 

Ferruginous quartz conglomerate -555 

Cretaceous: 

White, highly micaceous sand 555-605 

Fine white sand 605-612 

Bright-red sand and clay 612-619 

Brick-red clay 619-635 

Yellow sand and clay 63&-640 

Yellowish-white clay 640-645 

Salmon-colored clay 645- 

Fine, rather dark quartz sand 

Fine dark-colored sand -650 

Coarse quartz sand containing fresh water (Lloyd sand?) 650-670 

Pre-Cretaceous: 

Schist 670-690 

897. Record of Sanford & Son's well^ Bridgehampton. 

Tisbury [Manhasset formation]?: Gray micaceous clay, with a few small quartz pebbles 70 

Sankaty [Jacob sand and Crardiners clay(?)]: Medium grayiah-white sand and gravel, with 

pieces of greenish clay containing fragments of diells 100 

Jameco: 

Fine to medium orange-yellow sand 106 

Orange-yellow gravel, apparently identical with that of the old glacial bed on Gardiners 

Island 110 

Very fine yellow silt, with orange gravel 112 

Cretaceous: 

Fine gray sand, with muscovite and lignite 116 

Medium yellow sand, with fragments of shells 140 

Gray clayey sand, with fragments of shells 140 

Greenish-gray sandy clay, with fragments of shells 156 

Very fine dark-gray sand, with some coarse white quartz sand 166 

Fine light-gray sand 190 

Fine to coarse light-gray sand with partly lignitized wood 210 

Medium white micaceous sand 215 

Fine light-gray sand with lignite 222 

Lignite and laige flakes of muscovite 231 

Medium white micaceous sand 235 

White sand, muscovite, and lignitized wood 275-287 

Fragments of iron pyrite 287-288 

Fine to medium grayish-yellow sand 288-300 

The Cretaceous deposits, although visible at the surface at only a few points, are shown 
by borings to extend under the whole island. In the eastern half of the island the borings are 
too few in number to indicate anything beyond the general depth of the deposits, but in the 
western part there are sufficient data to represent their position by rough contours, as in Plate 
XVI, which diflfers from the similar map by Veatch * in that the deep valley of the ''Sound 
River" shown by him between Roslyn and Whitostone is omitted as not being indicated by the 

1 Prof. Paper U. S. Geol. Survey No. 44, 1906, PI. m. 
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FOKK OF THE OBSTAGEOVS BT7BVA0Z. 

The general form of the top of the Cretaceous deposits has been indicated in the discussion 
of the distribution of the deposits and is represented in Plate XVI. As shown by the map, the 
Cretaceous surface has a fairly close agreement with the present surface over much of the western 
part of the island, rising well above sea level in each of the necks and reaching almost to the high- 
est points of the island in the Mannetto (West), Half Hollow, and Dix hUls. Long Island Sound 
is a broad, partly filled Cretaceous valley. In fact, the Cretaceous depressions in general coin- 
cide with the Pleistocene valleys and the Cretaceous ridges with the high Pleistocene ridges, 
although it is known that there are many minor irregularities due to Cretaceous folds which 
have no surface counterpart and it is probable that there are many minor buried valleys not 
indicated on the surface. If the drift should be removed from the western half of the island, 
the remaining land mass, though smaller, would differ only moderately from the present in 
form. 

AOE OF THE CRETACEOUS DEPOSITS. 

STRATIORAPHIC EVIDENCE. 

The r^emblance of the clays of Long Island to the similar beds of New Jersey led 
Mather as early as 1843 to correlate them with the Raritan formation of that State, a correlation 
which later work by Newberry, Hollick, and White tended to confirm. The stratigraphic evidence 
disclosed by well records and surface observations in connection with the present work confirms 
the conclusion of Ward that the flora of the deposits of Long Island is younger than that of 
the clays of Amboy, N. J., a local phase of the Raritan formaticm, and the beds are therefore 
stratigraphically higher. 

A means of direct stratigraphic correlation is afforded by the Lloyd sand, which is found in 
the wells of both the north and south shores of Long Island and in New Jersey and is regarded 
by A. C. Veatch as '*a horizon in the Raritan about 200 feet below the base of the Matawan." 
lliis would indicate that the outcrops at Glen Cove and Sea Cliff, including the red clays and 
white sands of the columnar section (fig. 55, p. 67), are uppermost Raritan, while the overlying 
yellow and dark clays are the supposed equivalents of the Magothy and Matawan formations of 
New Jersey. The leaf remains in the dark clays on Little Neck do not necessarily indicate the 
deposits to be Raritan, as coUections made by E. W. Berry in the Matawan show essentially the 
same flora. Above the deposits which are believed to represent the Magothy and Matawan 
there is a great thickness of alternating sands and clays, with some lignite (undifferentiated bed 
of fig. 56), and, although correlation with specific formations is impossible, they show a general 
resemblance, especially as regards their sandy character, to the Matawan group (including the 
English town and Wenonah sands), the Monmouth group (including the Mount Laurel and 
Redbank sands), and the Rancocas group (including the Vincentown sand) of New Jersey. 
Well borings are sufl&ciently numerous to make it perfectly clear, however, that there are on 
Long Island no thick greensand beds like those in New Jersey, their stratigraphic position 
being occupied by the sands mentioned. The observations of Newberry, Hollick, White, and 
Berry on the flora and the discovery of a probable Upper Cretaceous fauna in the Lloyd sand 
seem to indicate that the Raritan, with which the lower beds of the Oetaceous of the island 
are correlated, is basal Upper Oetaceous. 

FOSSILS. 

A large number of Cretaceous fossils have been found on Long Island and are described in 
papers by Newberry, Hollick, Ries, and others, but, except those of the outcrops at Glen Cove, 
Cold Spring Harbor, and Little Neck and those in the wells at Roslyn and Lloyd Point, the fossils 
have been obtained from materials transported by glacial ice rather than from undisturbed Creta- 
ceous beds. The following list of fossils from the island includes species other than those first 
described from the island or those of questionable identification. The list of plants is furnished 
by Arthur Hollick and that of marine forms by Mr. Hollick and A. C. Veatch. 
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Cretaceous fossils from Long Island. 




Brooklyn, Clark St 

Brooklyn, De Kalb Ave 
East New York 

Do 

Do 

Do 

Williamsburg 

Elm Point 

Do 

Do 

Do 

Manhaaaet Neck 

Roslyn 

Sea Cliff 

Do 

Do 

Do 

OlenCove 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Dofloris Island 

Oak Neck Point 

Center Island 

Do 

Do 

Cold Spring Harbor 

Lloyd Neck 

Do 

Do 

Do 

Eaton Neck 

Little Neck 

Do 

Do 

Do 

Do 

Montauk Point 

Do 

Do 

Do 

Do 

Do 

Do 



ExogyraspC?) 

Jiiglans crassipes Hear 

Grvphaea vesicularia 

Ostiea larva 

Cucullaea sp ( T) 

Seipula sp 

DalDergia rinkisuia 

Liriodendropsis simplex Newberry 

Diospyros primseva Hoer 

Magnolia altemans Heer 

Plaianus newberryana Heer 

Nelumbo kempii Hoilick 

Terebratula filosa 

Salix protesefolia flexuosa Lesquereux 

Proteoidcs daphnogenoides Heer 

Andromeda parlatorii Heer 

Magnolia tenuifolia Lerauereux (7) 

Zizyphus elegans Hoilick 

Aralla coriacea Velenovsky 

Andromeda floxuosa Newberry 

Premnophylltim trigonum Velenovsky 

Sassafras hastatum Newberry (?) 

Laurus plutonia Heer 

Sassafras acutilobum Lesqucreux 

Podozamitesangtistifolius (Eichwald) Schimper 

Diospyros primseva Hoer 

Dammara microlepis Heer 

Myrtophyllura (Eucalyptus) geinitzi Heer 

Sapindus morrisoni Losqueieux 

Nelumbo kempii Hoilick 

Magnolia speciosa Heer 

Ms^olia capelliniT Heer 

Poacitos sp 

Liriodcndropsis simplex Newberry 

Sequoia sp 

Linodendropsis simplex Newberry 

Magnolia longiiics Newberry 

Andromeda latifolia Newberry 

Frenelopsis hobeneggeri (Ettingsbauaen) Sohenk (7) 

Quercus morrisoniana Lesquereux 

Magnolia capellinii Heer (Ulen Cove) 

Species doubtful 

M3rr8ine eloncata Newberry 

Dalbergia rixikiana Heer 

Tricalycites papyraoeus Newberry 

Clausa amencana 

Colutea primordialis Heer 

Braehyphyllum macrocarpum Newberry 

Laurus augusta Heer 

Celastrus arctica Heer 

Paliurus integrifolius HoUick 

Eucalyptus (7) angnstifolia Newberry 

Tricalycites papyraceus Newberry 

Oryph8easp(7) 

Turritella lippincotti Wbitfleld 

Dosiniagabbi Whitfield 

Venlella inflata (Conrad) 

JRnoTiA eufaulensis Conrad 

Cotbula sp (?) 



Drift. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Cretaoeoos clays. 
Cretaceous in well. 
Cretaceous clays (7). 

Do. 

Do. 

Do. 
Cretaceous clay. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Drift. 

Do. 

Do. 

Do. 

Do. 

Do. 
Cietaceoos clays. 
Drift. 

Do. 

Do. 
Cretaceous in welL 
Drift. 
Cretaceous clays. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



In addition to the macroscopic fossils in the above table, a large number of diatoms, etc., 
have been enumerated by Ries ^ (identified by C. H. Kain and others). These were all obtained 
at localities where Cretaceous deposits are known to occur, but none of the Pleistocene clays 
have so far aflForded them. The species are all fresh-water forms. 

Cretaceous diatoms. 

Wjrandanch Melosira granulata [Ehr.] Ralfs. 

Northport Melosira granulata [Ehr.] Rails. 

Diatoma hyemale K. B. 

Cocconema parvum W. Smith. 

Center Island Stephanodiacus niagarse Ehr. 

Glen Cove Meloeira granulata [Ehr.] Ralfs. 

Stephanodiscus niagarse Ehr. 

Diatoma hyemale. 

Melosira granulata [Ehr.] Ralls. 



1 Ries, Ileinricb, Microscopic organisms in the clays of New York State: Trans. New York Acad. Sci., vol. 13, 1894, pp. 165-109. 
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Cold Spring Harbor (diatom bed). 



Stepbanodiecus niagaree Ehr. 

Epithemia tuigida [Ehr.] Kutz. 
Encyonema ventricoeum Kutz. 
Cymbella delicatula Kutz. 
Cymbella cuspidata Kutz. 
Navicula viridis Kutz. 
Navicula cocconeiformia Greg. 
Navicula major Kutz. 
Navicula varians Greg. 
Navicula lata Breb. 
Eunotia monodon Ehr. 
Gompbonema capitatum Ehr. 
Stauro^eifi phoenecenteron Ehr. 
Fragilaria conatruans Grun. 
Synedra affinis K. B. 
Campyloneifi grevillei var. regalia. 
Triceratium trifoliatium. 

TEBTIABY (P) SYSTEM. 

DISTRIBUTION, 

Long Island has never yielded any fossils of Tertiary age, the diatoms from Rockaway and 
elsewhere described by A. M. Edwards * being from deposits that are clearly interglacial or 
postglacial. Lithology and stratigraphy must therefore serve as guides in determining the 
presence or absence of Tertiary deposits. 

Eocene and Miocene deposits are definitely recognized in New Jersey and the Lafayette 
formation is doubtless present, although it has not been clearly differentiated. The Eocene 
(Shark River or upper marl) is a blue marl about 11 feet thick resting with a slightly discordant 
dip on the beveled edges of the Cretaceous. It occurs in eastern New Jersey as a narrow strip 
outcropping between the Miocene and Cretaceous beds and is intersected by the ocean at Deal 
Beach. Though covered farther south by later deposits, it seems to be continuous across the 
State in that direction. Its probable extension toward the northeast is suggested by fossils 
found in the drift on Cape Cod. The Miocene is well developed across New Jersey, where it 
includes the Kirkwood formation and the Cohansey sand, and it occurs on Marthas Vineyard 
and possibly at Marshfield, near Plymouth, Mass. It appears probable that originally both 
the Eocene and the Miocene extended across the I>ong Island area to the New England coast 
and that their presence or absence to-day depends solely on the amount of erosion to which the 
region has been subjected. 

EOCENE (?) SERIES, 

On Long Island a few feet of marl has been found at Melville and in the wells at Quogue 
and Bridgehampton (p. 68). The stratigraphic position of the bed at Melville, which is the 
only surface exposure, is very close to that at which the Eocene would occur if the Cretaceous 
maintains the same thickness as in New Jersey, and its strike is as indicated on Plate II (in pocket). 
The composition and the presence of the stony layers (see section, p. 68) agree closely with the 
character of the Eocene in New Jersey, as described by Cook,' who says ' 4t is a mixture of green- 
sand and light-colored earth; the upper 2 feet are quite hard and stony." On the other hand, 
it would be somewhat strange that one particular bed of the Eocene should be present where 
the great mass of Cretaceous greensands are unrepresented. Thus, although it is possible that 
the marls at Melville may be Eocene, it is at least equally probable that they are Cretaceous, 
and they have been so correlated in the present report. 

I Am. Jour. Sci., 3d ser., vol. 50, 1805, p. 270; Am. Naturalist, vol. 30, 1806, pp. 212-216. . 

I Cook. 0. H., Geology of New Jexsey, 1868, p. 276. 
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MIOCENE (?) SERIES. 

Resting on the marls just mentioned is a bed of loose yellowish quartz sand about 6 feet 
thick and similar in character to the *^ fluffy" Miocene sands (Kirkwood and Cohansey for- 
mations) of New Jersey. It occurs at almost the exact position where the Miocene would be 
expected and it may represent that series. On the other hand, sands of identically the same 
character were observed in the Dix Hills at a much lower stratigraphic horizon, unless there 
is an unconformity much greater than there is any reason to suppose, and very similar sands 
were not^d in the Cretaceous area at many points. On the map this sand is included with the 
Cretaceous deposits. 

PUOCENE (?) SERIES, 
LAFAYETTE (?) FORMATION. 

At points farther south the Lafayette was deposited as a sheet overlapping on a slightly 
eroded Cretaceous surface. If the structure of the Cretaceous beds is r^ular in the Long Island 
region and if the topography is due solely to erosion, the Lafayette would be expected to occur 
at the top of the Mannetto HiUs, if at all. The only bed at this point with which it could be 
correlated is the "fluffy" sand of the Melville section, which resembles the Kirkwood and 
Cohansey formations of New Jersey much more closely than it does the Lafayette farther south. 
The unconformity at the base of the overlying gravel of this section appears to be many hundred 
feet, and the gravel could not well be correlated with the Lafayette even if it did not cany 
erratic materials. 

Overlying the Cretaceous clays at nearly every point, however, are more or less extensive 
deposits of white or yellow sands. In some places they are conformable to the clays and clearly 
a part of the Cretaceous, but elsewhere their relations are obscure and they may be of subse- 
quent origin. They are not glacial, for they contain no erratic material. Some of them might 
be Lafayette if the early Pliocene erosion was strong enough to develop a topographic relief of 
200 to 250 feet, which is the range of elevation of the clays on which the sands rest. This is 
much greater than the unconformity found farther south. There is, moreover, no conclusive 
evidence that the sands are a separate formation. Sandy beds are abundant throughout the 
Cretaceous of the island, and the materials may represent Cretaceous sands slightly disturbed 
and crushed by the ice. On the whole it appears that although the Lafayette may occur, no 
definite evidence has yet been obtained of its presence. 

QTJATBBXARY SYSTEM. 

PLEISTOCENE SERIES, 

MANNETTO GRAVEL. 



The Mannetto gravel was named from the Mannetto Hills (West Hills), on the crest of 
which just west of Melville some of the best exposures of this gravel on the island were found. 
(See section, p. 68.) 



CHARACTE&. 



The Mannetto gravel, as is indicated in the table on page 21, is the earliest of the Pleistocene 
deposits. It consists of stratified and in places cross-bedded gravels composed mainly of well- 
rounded pebbles of quartz from half an inch to an inch in diameter mixed with coarse yellowish 
quartz sand, but carrying everywhere a few deeply weathered granitic pebbles and scattered 
large bowlders of crystalline rock, also deeply weathered or disintegrated. It includes a few thin 
intercalated beds of yellowish clay. The granitic fragments can usually be crushed by the 
fingers or by a slight blow of a hammer, and even the quartz is far more friable than fresh 
fragments. The quartzose and stained character of the gravels, the deep weathering of the 
pebbles, and the complex flow and plunge structure are the distinguishing features of the 
formation. 
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SOVROE OF MATSKIAL. 

The great predominance of quartz in the Mannetto gravel is at variance with the compo- 
sition of the later glacial deposits, in which granites are very abundant. It seems likely that 
this predominance arises from the nature of the formations of the Coastal Plain farther north. 
Highly quartzose Cretaceous beds probably extended across what is now Long Island Sound, 
overlapping the metamorphic rocks of Connecticut, and, being nearest, furnished a large part 
of the materials of the Mannetto gravel, as compared to the relatively small portion furnished 
by the more remote granitic rocks. 

BEUkTXOHS TO OLDEB DEPOSITS. 

Although only a few sections showing the contact between the Mannetto gravel and the 
underlying beds have been discovered, there is no reasonable doubt as to their relations. In 
the roadside section west of Melville already mentioned (p. 68) the Mannetto gravel rests 
upon a thin bed of loose yeDowish sand, probably of Cretaceous age, which in turn rests upon 
impure marls. The Cretaceous deposits, however, do not continue to outcrop farther down 
the hill, the surface consisting of horizontally stratified gravels of the Mannetto type. Their 
relation is brought out in figure 57. 

The conditions indicated by the figure are substantiated by observations on the general 
relations of the older deposits in other parts of the island, especially at Sea Cliff, where an 
unconformity between the Mannetto and the underlying Cretaceous sands was well exposed in 
a large sand pit. To- 
gether with the Melville ^■■i.^jwaa^^ 
exposure and the num- y^*:^.*)^^'-'^ S. 
erous well records, this vv. ^,^<^W^'^^^ « ^^^^'^fe*^ E. 

t>Si La LIXI&>Xlt>9 Lilt? OJLlBLOllCw jL^isBBSe^nSraKSBB^^^ttBJHHMBns ^^A'^J^^SOa 

of a great erosion uncon- ^ |^ y . ?iyfi--^^^" t-tf- TTi^ .*gg^^^*-*^ ^^^^^ 

f ornuty antedating the yiqtsv^ ST.-Sectlon showing general relations of deposits in the Mannetto Hflto region, a, llanhasset 

Mannetto deposition and . formation with outwash mantle; 6, Qardiners clay and Jacob sand; c, Jameco gravel; d, Mannetto 

i*Ar><n/^aA-rkf;-n#v a-n ^nfAf^ol gravcl; <, Cretaoeous dcposlts. The relations of the Jameco and Mannetto beneath the level of the 
represenimg an miervai Gardiners are hypothetical. 

of sufficient length to ad- 
mit of the complete removal of the Tertiary deposits, if such were present, and the reduction 
of the Cretaceous over the greater part of the island from a level at least as high as the crest 
of the Mannetto ridge to and below the present level of the sea. 

BTRUCTUBE. 

The Mannetto gravel, so far as can be determined, lies horizontal wherever it is not dis- 
turbed by landslides or by the drag or shove of the ice sheets by which it was afterward over- 
ridden. This is shown by the horizontal bedding in the Melville section, in sections in Wheatley 
Hill near Old Westbury, and in the deeper and undisturbed parts of the Little Neck section, and 
by the extensive horizontal surface which it forms south of High Hill at the crest of the type 
locality, the Mannetto Hills. Great care has to be exercised in determining the dip because of 
irregularities of deposition due to the configuration of the underlying Cretaceous beds, as at 
Sea Cliff, and to the flow and plunge or larger cross-bedding features. 

At points along the coast and to a less extent in the Dix HUls the Mannetto has been more 
or less disturbed and involved with other beds in the folding due to overriding ice- The flexures 
may be small, as shown in Plate XXIV, B (p. 162), or they may be many hundred feet across 
and correspondingly high, as at points on the north coast. The conditions under which the 
folding was produced are discussed on page 201. 

DISTRIBUTIOH. 

The Mannetto gravel was in part removed by stream and ice erosion in the subsequent 
interglacial and glacial stages and in part covered by thick deposits laid down upon it mainly 
during the latter stage, so that it is now exposed only at a few points in the erosion remnants 
of the Mannetto and other high hills or in bluff sections or artificial excavations on the north 
shore. 

1629"— 14 7 
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OUTCROPS IN THE INTERIOR OF THE ISLAND. 



MdviHe. — ^The finest exposure of the Maimetto yet found is that in the southern half 
of the West or Mannetto Hills, outside of the moraine. In these hills the Mannetto gravel 
appears to form an extensive terrace ranging from about 270 to 330 feet in height. The for- 
mation could be best seen in 1903 at the side of the road leading from Melville to the crest 
a mile west of that village. There 40 feet of somewhat irregularly stratified but not cross- 
bedded buff to orange-colored gravel, maiuly quartz with a few rotten granite and ferruginous 
sandstone fragments, was found resting on the pre-Pleistocene deposits. Essentially horizontal 
gravels of the same type, though somewhat less stained, are seen at intervals to the base of the 
hill, their relations being as shown in figure 57. 

Soutk end of Mannetto HiMs, — ^Many sections of the Mannetto can be seen about the south 
end of the Mannetto HiUs, especially in the viciaity of Bethpage, Plainview, and Farmingdale. 
In this r^on the old Mannetto topography was buried by subsequent deposits (Manhasset 
formation) and the whole was then complexly eroded.' As a consequence of this superimposed 
topography the finding of the Mannetto can seldom be predicted from the altitude or form of 
the surface. In general, however, the Mannetto tends to form the ridges and the Manhasset 
tends to occur in terraces, as northeast of Bethpage. 

Among the points at which the Mannetto gravel was recognized were the small projecting 
ridge east of the road half a mile northwest of Plainview, the sand pit just northeast of the 
Bethpage clay pit, sections on the east-west road a mile south of Plainview, and the cut made 
by the east-west road through the hill a quarter of a mile north of Bethpage Junction. At the 
lastrnamed locality a fine unconformity, marked by a zone stained by iron and manganese, 
was seen between the Mannetto and the overlying Manhasset. The steeper slopes of the Man- 
netto Hills are commonly covered with talus defyingidentification. 

Half HoUow HiUs. — From road sections it seems probable that a large part of the mass of 
the Half Hollow Hills also is made up of the Mannetto gravel, although no typical outcrops 
were discovered. Yellowish sands, however, such as occtu* in this formation at many places, 
were seen in several road cuts. The top of these hills appears to consist of later Pleistocene 
material, abounding in large and relatively fresh granitic fragments. 

Dix HiUs, — The conditions in the Dix Hills are much the same as in the Half Hollow Hills ^ 
although, owing to the morainal belt across the southern portion of the Dix Hills, exposures 
of the Mannetto gravel are fewer. North of the moraine, especially in the hills southwest of 
Elwood, several shallow cuts along the roads show Mannetto beneath later drift deposits. 
Such Ai exposure is shown in Plate XXlV, B (p. 162). 

Wheatley HiUs. — ^Between Wheatley village and Old Westbury is a group of hills projecting 
southward from the moraine for 2 miles or more (PL VI, D, p. 32). Superficially these hills 
are covered with till of Wisconsin age, and they were classed by J. B. Wood worth * and earlier 
geologists with the moraine. On careful search, however, a number of excavations were found 
a quarter of a mile north of Westbury Pond and elsewhere, which showed beneath the mantle 
of drift typical orange-colored cross-bedded Mannetto gravel with its usual rotten granites. 
Well borings in other parts of the hills. seem to indicate that these conditions are general. 

Knobs of the narthrshore necks. — On the plateau surf p,ce of Manhasset Neck (PI. IV, p. 30) 
on the north shore, there are many well-defined knobs standing 20 to 60 feet above the general 
surface. No cuts deep enough to expose the material in them beneath the Wisconsin drift 
were discovered, but a study of the composition of the till, in which white quartz pebbles pre- 
dominate, seems to indicate either a Cretaceous or a Mannetto core, probably the latter, as well 
records do not indicate that the Cretaceous rises to these elevations. 

1 Bull. New York State Mus. Nat. Hist. No. 48, 1901, map. 
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A. STRUCTURE OF CRETACEOUS CLAYS ON LITTLE NECK NEAR NORTHPORT. 



B. LARGE DECOMPOSED ERRATIC BOWLDER IN MANNETTO GRAVEL. 



MANNETTO GRAVEL. 83 

OUTCROPS ON THB COAST. 

Broken Ground. — Mannetto gravel of the usual quartzose type appears to occur in small 
quantities overlying the Cretaceous clay at Broken Ground, near Northport, and to be iavolved 
with the clay in the great landslides. This is the most easterly point at which the formation 
has been recognized. 

Eaton Neck. — The Mannetto is well exposed on Price Bend, about one-eighth of a mile 
north of Winkle Point on Eaton Neck. The following section was measured: 

Section near Winkle Point. 

Feet. 

Wificonain drift: Buff till with small bowlders 5 

Mannetto gravel: 

Yellow mealy sand with a few pebbles 15 

White and yellowish clay 1 

Sand and gravel with weathered erratic bowlders 20 

Cretaceous: Pink, yellow, and white sand with hematitic sandstone plates and concretions 30 

The bowlders, one of which is shown in Plate XVII, B, were of acidic orthoclase 
granite and ranged from 1 to 2 feet or more in diameter. They are completely rotted and fall 
to pieces on pressure with the hand, so that none are seen in the talus, but a careful search 
reveals a considerable number in the gravels. 

A little north of the head of Price Bend another good exposure was seen, the Mannetto 
here being overlain by 4 feet of a chocolate-colored clay. The contact is sharp and shows a 
strong imconformity. Mannetto gravel is also to be seen at a number of places farther north 
along the shore. 

Litde and Great necks, Huntington. — Gravel, probably Mannetto, shows in the talus at a 
considerable number of points on both the east and west sides of Little Neck near its north end 
but was not recognized in the clay and sand pits. On Great Neck quartz gravels containing 
weathered granite pebbles occur in outcrops and in the talus above the Cretaceous deposits 
at a number of points near the entrance of Northport Bay. 

lioyd Neck. — On the north side of Lloyd Neck the Mannetto was apparently removed 
by the erosive action of the Montauk ice, no indication of it being seen over the Cretaceous 
outcrops at that place. Back of the south end of the beach southwest of Lloyd Point and at 
the base of the bluflf just north of Lloyd Beach, talus slopes, seemingly of Mannetto materials, 
are seen. The section at this point is given to show the character of the clayey phase of the 
formation. 

Section north of Lloyd Beach. 

Feet. 

Montauk till member of Manhasset formation (?): Interstiatified yellowish clay and sand with an 

occasional erratic up to 6 inches in diameter 2 

Mannetto gravel: 

Dark-gray clay IJ 

Bright-yellow clay 1 

Yellow clay with ferruginous sand and pebble layers 2 

Fine quartz gravel with iron and manganese stains; weathered granitic pebbles 5 

The beds are folded on east-west axes, the dips ranging from 5° to 30^. 

Hempstead Harbor. — The Mannetto gravel was seen resting on the white Cretaceous sands 
in a number of the sand and gravel pits on the south side of Mosquito Lilet, at Hempstead Harbor. 
In one of these, just across the stream from Glen Cove, an imconformity was exposed in 1905. 
The old Cretaceous surface is marked by a dark band at the top of the steeply dipping sand. 
The first Mannetto layers are whitish, owing to their materials being derived from the Creta- 
ceous sands inmiediately underlying them, but in the upper part of the exposure the admixture 
of foreign material gives them a darker color. 

No other good exposure of the Mannetto was seen on Hempstead Harbor or at any point 
farther west, but the talus slopes aflFord indications that the bluffs at a number of points south 
of Sea Cliff are composed in part of Mannetto material. Indications of Mannetto material 
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were noted in the drift on the knobs that rise above the general crest of Manhasset Neck and 
s^gg^st Mannetto cones. Mannetto gravel was seen above upturned Cretaceous clays in the 
crest of the neck at a point due west of Sea CliflF. 

DEPOSITS PENETBATED BY WELLS. 

Owing to the small percentage of granitic material present in the Mannetto, it is distinguished 
from the Cretaceous quartz gravels in wells only with diflBculty. There is, however, good evi- 
dence of its presence at a number of places, among which are those mentioned in the following 
paragraphs. The figures in parentheses indicate the number assigned to the well by A. C. 
Veatch in his report on the water resources of the island,^ in which detailed records may be 
found. 

The most westerly point at which probable Mannetto material was found was in a test 
well at Fresh Meadow pumping station, south of Flushing (No. 231), where 7 feet of coarse 
orange-colored sand and quartz gravel with a small amount of white chert was found 50 feet 
below the surface. A 20-foot bed of medium-grained reddish-yellow sand with some crystalline 
pebbles found at 125 feet in the well of W. K. Vanderbilt, jr., near Lake Success (No. 317), is 
probably in part Mannetto. A 12-foot bed of hard coarse gravel at 62 feet in the R. L. Cottnett 
weD, near Old Westbury (No. 426), is also referred to this formation. The J. F. D. Lanier well, 
in the same region (No. 427), penetrated 10 feet of Mannetto at the surface. Material that is 
probably Mannetto occurs within 30 feet of the surface in the H. B. Duryea well, near Old 
Westbury (No. 430), and at 90 and 106 feet in the E. D. Morgan wells (No. 431), in the Wheatley 
Hills, which probably penetrate a buried valley. 

In the S. Mortimer well, also in the Wheatley Hills (No. 434), the Mannetto appears to 
extend from a point near the surface to a depth of 150 feet. Other wells in this region contain 
probable Mannetto material as follows: Yellow quartz sand and gravel at 23 to 56 feet in the 
W. P. Thompson well, near Old Westbury (No. 511); yellow gravel in the first 70 feet of the 
J. H. Harriman well, in the Wheatley Hills; and fine sand to medium-sized yellowish quartz 
gravel at 51 to 81 feet in the Jxdes Kimz well, near Jericho. In Mrs. I. Vowman's well, near 
Rosljna (No. 436) , the formation is probably present as a coarse reddish gravel at 90 to 115 feet. 

The orange-colored sand found at 73 to 92 feet in the L. C. Wier well (No. 481), at 73 to 
126 feet in the E. Latting w:ell (No. 483), and at 83 to 108 feet in the W. D. Guthrie well (No. 
484), all near Lattingtown, may be Mannetto, although orange-colored Cretaceous gravels also 
occur in that vicinity. 

In the Mannetto Hills, according to Veatch, the following beds of the Mannetto gravel 
were penetrated by the well of H. L. Stimpson. The correlations, which are Veatch's, appear 
to be based on the occurrence of decayed cherts, which are locally present in the Mannetto but 
are rare in the Cretaceous. 

586. Samples from H. L. SHmpson's well in the West Hills. 

Feet. 
Wiflconsin: Clayey sand and gravel with many compound pebbles 8-20 

Mannetto: 

Orange-yellow quartz pebbles, with a very few fragments of compound rocks, the latter 

probably derived from the overlying beds 28 

Orange-yellow quartz pebbles, with considerable sand and yellow clay and many frag- 
ments of decayed white chert 40 

White quartz sand, with much fine-grained red ironstone and decayed chert 52 

Cretaceous?: 

White to light-yellow quartz sand and gravel containing fragments of decayed white chert . 60-120 

Fine to coarse reddish-yellow sand 126 

Fine to coarse white sand 130 

Fine to coarse yellow sand 135 

Medium yellow silty sand, with many small brown ferruginous nodules and a few pellets 

of clay 140-145 

Medium to coarse light-yellow sand, with many fragments of dark-brown ferruginous 
sandstone 150-155 

» Prof. Paper U. S. Geol. Survey No. 44, 1906, pp. 168-^7. 
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The Mannetto has not been definitely recognized in any of the wells on the eastern half of 
the island. 

AGE. 

No absolute proof of the age of the Mannetto gravel has yet been found, although all evi- 
dence seems to point to its post-Tertiary origin. The tinconformity at its base is much greater 
than any of the Tertiary unconformities in adjacent areas in New Jersey, even the pre-Miocene 
unconformity or the pre-Laf ayette unconformity farther south being small compared with it. 
Moreover, it differs in many ways from the sandy Kirkwood, Cohansey, and Beacon Hill forma- 
tions of New Jersey. The Beacon Hill, for instance, carries many pebbles of rotten quartz and 
chert, whereas the quartz pebbles of the Mannetto are relatively fresh. Again, the Beacon Hill 
nowhere carries granitic pebbles, but they may be found in every exposure of the Mannetto. 

The pre-Pleistocene formations, so far as observed at the surface, either on Long Island or 
in New Jersey or in the Coastal Plain States farther south, are, except for scattered pebbles of 
very acidic schist approaching quartzite in character, free from crystalline fragments. The 
only apparent exception in the region imder discussion is a granite fragment measuring 2 by 3^ 
inches reported from the Cretaceous at a depth of 335 feet in the well of E. D. Morgan, in the 
Wheatley Hills.^ Inasmuch as surface outcrops have yielded nothing of the kind, although 
well exposed at dozens of points, and especially in view of the well-known carelessness of drillers 
and the possibility of the fragment dropping from a higher level in the well, its evidence must be 
regarded as of doubtful value. The relative abundance of granites in the Mannetto suggests 
the correlation of the formation with the Pleistocene rather than with older deposits. The 
presence of erratic bowlders as much as 2 feet in diameter is also suggestive of glacial derivation, 
for althoiigh it is true that such bowlders can be transported by floating trees or other agencies 
besides ice, the fact that none are foimd in the himdreds of feet of Cretaceous and Tertiary 
strata exposed at the surface on Long Island and in New Jersey or, with the exception of the 
doubtful fragment mentioned above, in the thousand feet or more of such strata penetrated by 
the driU makes some other method of transportation than floating trees more likely. Tlie coarse 
average texture of the Mannetto compared with that of the Cretaceous and Tertiary deposits 
indicates that a considerable change in the conditions of deposition had taken place since the 
latter were laid down. The structure of the Mannetto, especially the details of its cross- 
bedding, and the smooth, gently sloping upper surface of its remnants in the Mannetto Hills, 
is identical with that of parts of the outwash from Wisconsin icei, of late Pleistocene time, and 
suggests a similar origin. The degree of weathering is also suggestive, the decay of the granite 
pebbles being what would be expected of an early Pleistocene deposit rather than a Tertiary 
formation. 

The available evidence as outlined above seems to warrant the inclusion of the Mannetto 
in an early glacial stage of the Pleistocene series, although a strictly fluvial origin of the deposits 
is not impossible. If the formation is glacial outwash, it was probably laid down early in 
the Pleistocene epoch, as indicated by its weathered character and stratigraphic position with 
reference to the associated deposits of the same epoch, most likely representing the pre-Kansan 
invasion. 

JAMECO GRAVEL. 



The term Jameco gravel, which was used by A. C. Veatch in his report on the water resources 
of the island, was derived from the Jameco pumping station, near Jamaica South, 3 miles south 
of Jamaica, in western Long Island, where the deposits were first recognized in the deep wells. 



CHA&ACTEB. 



The Jameco gravel, although it has not been definitely recognized at the surface at any point 
on Long Island, has been encountered in a considerable number of wells. In its type locaUty, 
in the area extending from Jamaica Bay northward toward Whitestone, it occupies a broad 



» Veatch, A. C, op cit., p. 259. 
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depression in the underlying rocks (either Cretaceous or Mannetto). It is easily recognized 
in the wells in this locality because of its striking dissimilarity to all other Pleistocene 
beds (except the Montauk till member of the Manhasset formation) and to the Cretaceous 
formations. The difference between the Jameco gravel and the Mannetto gravel is especially 
marked. Although the older beds are prevailingly light-colored and composed principally of 
quartz, the Jameco is generally a very coarse dark-colored gravel containing a predominance 
of granitic pebbles with a few streaks of black or other dark sands or finer silts (wells Nos. 135, 
195-206, 273, 290, and 291 of table, p. 90). The pebbles are well rounded and of different sizes, 
some being nearly as large as cobbles, but toward the east they become finer, being conmionly 
from half an inch to 2 inches in diameter. 

It should be noted that although on Long Island knowledge of the J,ameco is derived 
mostly from samples obtained from well borings, the gravels beneath the Gardiners clay are 
well exposed at several points farther east, where folding has brought the beds to higher levels, 
especidly in the Nashaquitsa Cliffs, on Marthas Vineyard; near Highland Light, Truro, on 
Cape Cod ; and less perfectly between Balls Point and Clay Head, on Block Island. At most 
of these localities the relatively high granitic content, the absence of notable staining and 
cementation, the lack of marked weathering, and the strictly conformable contact with the 
overlying Gardiners clay effectually preclude any possibility of confusion with the Mannetto. 

The darkest phase of the gravel is rather local, being confined mainly to the old Cretaceous 
valley mentioned. In Brooklyn and Williamsburg, which lie on the west of the valley, the 
Jameco is usually reported as consisting of yellow or reddish sands and gravels, with a little 
hardpan (in wells Nos. 5, 23, 37, 38, 62, and 65). On the shores of Long Island Sound the 
material, as shown by the north coast wells (Nos. 351, 469, 527, 529, 530, 532, 539, 543, 548, 
549, 613, 633, and 652), is almost invariably a light-colored sand or gravel, although black 
sand (No. 545), brownish sands and gravel (Nos. 628, 629), and coarse granitic gravel (No. 654) 
are reported in a few records. Along the east side of the buried valley on the south side of the 
island, as at Valley Stream (No. 287), a sandy phase of the Jameco is developed locally, but 
the formation seems to be generally absent east of Rockaway Ridge, although a bed of dark 
clay and sand, probably the Jameco, is foimd beneath Muncie Island (No. 671). Near the 
east end of Long Island a yellow, or white sand or gravel correlated with the same formation is 
found beneath supposed Gardiners clay (Nos. 897, 901). 

Where lithologic characteristics are not determinative, the formation is recognized by its 
position below the fossiliferous Gardiners clay. 

The following sections show the character of the Jameco gravel at a number of points. 
The numbers refer to records in Veatch's report, but the correlations are those of the writer. 
The first is a record of a well west of the Cretaceous valley. 

S8. Record of well at Bartlett Street and Flushing Avenue, Brooklyn. 

Recent: Feet. 

FUled ground 0- 8 

Black marsh mud 8- 9 

Blue clay 9- 15 

Hempstead gravel member of Manhasset formation: 

Light yellowish-brown sandy clay at 19 

Bluish-gray, rather pure clay at 26 

Montauk till member of Manhasset formation : 

Highly erratic glacial gravel 31- 36 

Medium erratic sand 36- 62 

Erratic gravel mixed with blue clay 62- 73 

Herod gravel member of Manhasset formation : Coarse glacial sand 73- 81 

Jacob sand and Gardiners clay: 

Impure bluish-gray sandy clay 87- 93 

Yellowish-gray sand mixed with clay 93-108 

Clean light-brown medium erratic sand 108-122 

Bluish-gray sandy clay 122-124 

Medium yellowiBt-brown clayey sand 124-127 
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Jameco gravel: Feet. 

Coarse yellowish-brown clayey sand 127-134 

Very coarse dark-yellow clayey sand 134-145 

Very coarse reddish-yellow erratic sand , 145-174 

Coarse^ highly erratic sand 174-175 

The following well section is typical of the region of the Cretaceous valley: 

> 

f04. Record of Brooklyn test well No. S, Brooklyn Aqueduct and New York Avenue. 

Feet. 
Wisconsin: Reddish-yellow silty sand and gravel 0- 9 

Manhasset formation : 

Pine to coarse reddish-yellow sand with granitic pebbles in lower portion 9-45 

Fine light-yellow sand 45- 86 

Gardinersclay: 

Lead-colored clay 86-139 

Fine dark-gray silty sand 139-158 

Medium dark-gray silty sand , . ^ 158-160 

Gray clay 160-201 

Jameco gravel: Fine to coarse dark granitic silty sand 201-277 

The next record shows the characteristics of the deposits in the wells of the north shore. 

65t. Record of well of Huntington Light & Power Co. near Halesite.^ 

Recent: Feet. 

Filled ground 0-6 

Swamp deposit 6-10 

Manhasset formation : Dark sand and gravel 10-70 

Gardiners clay: Blue clay 70-71 

Jameco (?) gravel: Light-yellowish gravel 71-75 

On the south shore east of the Cretaceous valley the succession is as follows: 

187. Record of Jamea Caffery's well near Far Rockmvay.^ 

Feet* 
Manhasset formation: Water-bearing strata, almost clear gravel (^ 42 

Gardiners clay r 42- 66 

Jameco gravel: 

Black sand with water which looked and tasted good 66- 88 

No record 88-112 

The character of the Jameco in the eastern part of the island is shown in the record of the 
Bridgehampton well (No. 897) given on page 75. 

In a number of wells at the Springfield pumping station wood is reported in the Jameco, 
as well 1^3 in the Gardiners clay. This is indicated in the abbreviated records in the following 
table, taken from the report of Veatch,* with the correlations of the writer. 

Well sections at Springfield pumping station. 



Section. 



Well 
No. 



Sand 
(Wisconsin 
and Man- 
basset). 



Blue day 
with wood 

and sand 
(Jacob and 
Qardiners). 



I Ftet. \ Feei. 
15 ' 0-74 74-182 

3 I 0-fiO 50-117 

2 , 0-50 50-124 

6 

7 , 

8 I 

9 76-136 

10 

I op. cit., p. 201. 



Water-bearing 

sand and 

gravel; some 

wood and clay 

(Gardiners 
and Jameco). 



Fed. 

182-207 
117-177 
124-178 
ieO-177 
160-177 
131^179 



132-156 
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East of Long Island the Jameco occurs at a number of points. Veatch correlates the 
yellowish sands and the bowlder-bearing deposits beneath certain of the clays on Gardiners 
Island with the Jameco, but for the reasons given on page 90 the writer regards the presence 
of true Jameco on that island as doubtful. 

The stratification of the Jameco where the beds are exposed at the surface farther east is 
fairly regular, cross-bedding being exceptional. An examination of the material at a number 
of points shows that the pebbles have not undergone any great amount of decomposition, although 
they are distinctly more weathered on the average than are the subsequent deposits. The 
thickness of the beds is ordinarily not very great, rarely exceeding 100 feet, and thicknesses of 
less than 50 feet are not uncommon. 

BOimCE OF MATSBIALS. 

At the type locality in the buried Jameco channel the pebbles and even the smaller grains 
of the Jameco gravel are prevailingly granitic in character and therefore must have been derived 
from the crystalline area of the mainland on the north. The generally low percentage of quartz 
indicates that very little material was derived from the Cretaceous, from the later Coastal 
Plain formations, or from the Mannetto gravel, in all of which the pebbles are mainly quartz. 
Outside of the buried valley mentioned, however, much more quartz is present in the Jameco 
gravel, indicating that it must have received considerable contributions from the Cretaceous 
formations or the Mannetto gravel. 

BBI^TIOVS TO OIJ>SB DEPOSITS. 

■ 

The Jameco gravel rests unconformably upon the older Mannetto and Cretaceous deposits 
(fig. 57, p. 81), the principal portion on Long Island being laid down in the broad buried valley 
underlying Jamaica Bay and the region to the north, toward Jameco, Jamaica, and Flushing. 
Whether this old valley was cut wholly in Mannetto gravel or whether the erosion cut through 
the Mannetto into the underlying Cretaceous is not clearly shown by the well records. In 
either case the unconformity amounts to nearly or quite 600 feet, as there is that much differ- 
ence between the altitude of the Mannetto plateau remnants and that of the bottom of the 
buried valley occupied by the Jameco gravel in the region mentioned. Taken as a whole it 
seems likely that the Jameco rests upon or abuts against both the Cretaceous and Mannetto 
(fig. 57), although to judge from the severity of the pre-Jameco erosion, which seems to have 
almost completely removed the Mannetto, the beds probably more commonly rest upon the 
Cretaceous. In western Long Island the accumulation of the Jameco took place almost 
entirely in the valley described. Farther east the deposits were banked against the north 
side of the Cretaceous and Mannetto land masses, such as those of the Mannetto and Half 
Hollow hill region, and in the extreme eastern part of the island they were spread out over 
the lower and flatter Cretaceous surface which existed there. 

BTRXTCTtrBS. 

The structure of the Jameco gravel of Long Island must, in the absence of known surface 
exposures, be inferred from the attitude of the overlying beds and from differences in the 
elevation of the buried surface. Such criteria are, of course, of value only where uncon- 
formities are absent. Although there is no direct evidence on Long Island that the overlying 
beds are conformable with the Jameco, observations on Block Island, Marthas Vineyard, and 
the Massachusetts coast, where the beds are perfectly conformable, indicate the probability of 
similar conditions on Long Island. If this is assumed as a fact and conclusions are based on 
the elevation of the Jameco surface or on the structure of the overlying Gardiners clay, it 
appears that the Jameco beds, although nowhere far from the horizontal, are yet more or 
less warped. In the region between Ridgeway, Brooklyn, and Valley Stream several imdula- 
tions from 50 to 100 feet in elevation are brought out by the borings (fig. 58), and beneath 
Rockaway Ridge occurs a similar fold whose existence as a topographic feature is due to this 
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arch in the underlying beds. This and similar irregularities on the north shore of the island 
are brought out by the depths in the table on page 90. Although the occurrence of the Jameco 
at the surface on Gardiners Island appears doubtful, it is probably present locally at no great 
distance below sea level and is doubtless involved in the strong folds which characterize all the 
older deposits of that island. 
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FiouKi 58.— Section from point near Ridgeway, Brooklyn, to Valley Stream. 1, 
Wisconsin drift; 2, Manbasset formation; 3, Oardiners clay; 4, Jameoo gravel; 5, 
Cretaceous beds. 



At a number of points on Long Island and in its vicinity beds of sand or gravel underlie 
the clays exposed in the bluffs. Sandy beds are in places intercalated with clayey strata in 
the Gardiners clay, but in the absence 
of well records it is not possible to de- 
termine whether the clay seen is the 
basal clay of the formation or one of 
the upper members. In the former 
case the sand or gravel would be re- 
ferred to the Jameco; in the latter case 
it would be referred to the Gardiners. 
The exposures may, however, be de- 
scribed at this point. 

j€ux>b HiU. — In the bluffs of Jacob 
Hill, which is situated about 2 miles 
west of Mattituck, several conspicuous 
pinnacles of contorted reddish or chocolate-colored sandy clays were seen just back of the beach 
in 1904. The base was not well exposed, but the relations seem to be as indicated in figure 
71 (p. 98). The gravel may be Jameco, but it seems more probable that the clay is involved in 
an overturned fold resting on the Herod gravel member of the Manhasset formation. 

Mulford Point. — ^A short distance west of Mulford Point and about 3 miles west of the 
termination of the North Fluke at Orient Point a complexly folded exposure of Gardiners 
clay was noted. At the time of the writer's visit in 1904 nothing could be seen of the under- 
lying beds, but Mather^ in 1843 gave a section which seems to indicate that the clays are 
underlain by sands, possibly to be correlated with the Jameco. 

MontauJc Point. — ^At a point about 2 J miles west of Montauk Light a considerable thick- 
ness of gray to greenish sand and fine gravel with some yellow gravel was exposed in 1904 

beneath 10 feet of interlaminated sand and chocolate- 
colored sandy clay, with the relations shown in figure 
59. Most probably the material described belongs to 
the Jacob sand, but it is not impossible that the sandy 
clay belongs to the Gardiners clay, in which case the 
underlying material would be Jameco. 

Hog Neck. — On the west side of Hog Neck, 2 miles 
northwest of Sag Harbor, is exposed a section that seems 
to show beneath the Gardiners clay a considerable thick- 
ness of stratified gravels which would naturally be cor- 
related with the Jameco gravel. The beds are strongly folded, however, and are probably 
overturned, so that the gravel may be stratigraphically above the clays though below them in 
the section. (See figs. 151 and 152, p. 142.) 

Gardiners Island. — ^The stratigraphy of the Pleistocene deposits of Gardiners Island is 
compUcated by the severe folding to which all the beds except the Wisconsin have been sub- 
jected, as well as by the somewhat unusual succession. Instead of the Gardiners clay being 
represented by a single stratum, as in many localities both east and west of this island, it occurs 
as a series of interbedded clays and sands; moreover, thin clays of very similar character 




<j wo Feet 

FiouKX 60.— Section 2i miles southwest of Montaulc 
Light, a, Gray to greenish sand with some yellow 
gravel; 6, into'laminated sand and chocolate-oolored 
day; e, banded till (Montauk member of Manhasset 
formation). 



1 Mather, W. W., Geology of New York, pt. 1, 1843, pi. 4, fig. 5. 
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occur in the Montauk till member of the Manhasset formation. Owing to the incompleteness 
of the exposures or to the complexity of the folding, it is in many places impossible to deter- 
mine the horizon of a particular clay bed, and the identification of the underlying sand beds 
is still more difhcult. For this reason the writer has found it impossible to identify positively 
the Jameco on Gardiners Island. Veatch ' describes and figures a section near the middle of 
the northeast coast (diagram reproduced as fig. 60), in which a bed of gravel containing bowlders 
of granitic rocks is shown between a red clay and a bed of fine gray micaceous Band regarded 
as Cretaceous. To the writer, who examined the same exposure at a later date, it appeared 
that the bowlders referred by Veatch to the Jameco are a superficial deposit (Montauk) 
irregularly massed against an ancient bluff, and that the supposed Cretaceous sand is identical 
with beds intercalated with the Gardiners clay at other points and is to be correlated with that 
formation. The small unnumbered infolded bed between Nos. 4 and 5 has the appearance of 
belonging to the Herod gravel member of the Manhasset, and No. 4 resembles the Jacob sand. 
It would be strange if the Gardiners clay, which usually has a thickness of 30 to 100 feet and 

is represented by a number of alter- 
nating sands and clays, should at this 
particular point be represented by a 
single bod only a few feet thick. The 
Jameco is thought to occupy its nor- 
mal position below sea level, possibly 
banked against the Cretaceous mass, 
the upper part of which is involved 
in the fold shown in the figure. It is 
very doubtful if any Jameco shoira 
above sea levd on Gardiners Island. The folded bowlder-bearing beds which underlie certain 
clays elsewhere on the island, and which are correlated with the Jameco by Veatch, belong 
almost wholly to the Montauk till member of the Manhasset formation. 

No beds that could be correlated with the Jameco gravel were noted on either Plum Island 
or Fishers Island, although they doubtless occur below sea level. 



Fiouai aa.— Soctlon am the middle of the nonbeast ihore of OanUnws litud. 
Black CretaotouscUy: 1, Ooagrar fflicuHousmid (CreUonui): 2, Juneco frei 
3, redcl«;(Saii.kat7): 4,iaty wid(3aiikaty); E, WlMOiutii till and oulwuh cm 
BiightoraKtliui, OOfnt. SaotlM 



Long Island. — The distribution of the Jameco gravel shown by the wells of Long Island is 
concisely presented in the following table, which emphasizes, first, the concentration of the 
coarse dark granitic gravel in the old Cretaceous depression north of Jamaica Bay; second, 
the finer, more quartzose, and lifter-colored deposits on either side of the depression and on the 
north shore; third, the general absence of the gravel from the south side of the old CYetaceous 
land mass; and, fourth, its occurrence as a light quartzose gravel in the extreme eastern part 
of the island. 
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Jameco gravel penetrated in wells of Long Island — Continued. 



No. 



191 
195 
197 
199 
»0 

aoi 

202 
203 
204 
205 
206 
212 
213 

239 
241 
243 
261 
273 

287 
290 

291 
292 
351 
469 
527 
529 
630 
532 
539 
543 
545 
548 
549 
613 
628 
629 
633 
652 
654 
671 
897 
901 



Locality. 



Owner or place. 



Far Rookaway. 

Aqueduct 

BpriDgfield 

Jamana South.. 

do 

do 

do 

do 

SpriDgfleld 

do 

do 

Jamaica 

do 



Whltostone. 

do 

do 



l4iwrenoe. 
Hewlett. . 



Valley Stream. 
Sprlngfleld 



do 

Roaedale 

Plandome Mills. 
Dofloris Pond. . . 

Oyster Bay 

do 



do 

do 

. .. . .do 

do 

do 

do 

do 

Cold Spring 

West Neck 

do 

Lloyd Neck.... 

Halesite 

Genterport 

Muncie Island . . 
Bridjntaampton. 
Sag Harbor 



Harbor. 



iJepth of for- 
mation. 



Queens County Water Co. . . 

Shetucket pumping station. . 

Hpringflela pumping station . 

Oconee pumping station 

Baisleys pumping statfcm. . . 

Jameco pumping station 

Connell Creek 

Brooklyn test well No. 2 

Brooklyn test well No. 3 

Brooklyn test well No. 8 

Springfield pumping station . 

Brooklyn test well No. 11 . . . 

Pumping station, Jamaica 
Water Supply Co. 

Pumping station No. 1 

Railroad wells 

W.W.Cole 

D. D.Lord 

Queens County pumping 
station. 

Watt Pond pumping station. 

Forest Stream pumping sta- 
tion. 

Brooklyn test well No. 12. . . 

Brooklyn test well No. 13 

Robt.fieiier 

D. F. Bush 

Charles Weeks 

VanSiseACo 

D.W.Smith 

E. K. Hutchinson 

W. J. and A. 8. Hutchinson . . 

O. L. Jones 

T.UnderhUl 

Hamilton 

William Trotter 

Eagle Dock 

B/Ward 

Mrs.M. H. Oats 

O. L. Jones 

Light & Power Co 

R. 8. McCrary 

E.H. Muncie 

Sanford & Son 

J. K. Morris 



Feet. 

100 
146-154 
106-109 
185-192 
156-200 
135-161 
142-156 
154-258 
201-277 
212-280 
170-183 
189-200 
104-120 

45-95 
85-120 
70-96 
70-100 
120-156 

118-130 
105-115 

98-138 
70-102 

100-113 
95-97 
90-110 
53-57 
50-65 
50-83 

185-190 

135 

80-107 

80-130 

70-90 

158-176 

116-149 
93-97 

105-122 
71-75 

175-185 
150 

105-115 

143-145 



Character of the deposit. 



Beach sand. 

Coarse dark granitic gravels and clay. 
Steel-gray sand with jasper pebbles. 
Coarse dark granitic gravel. 
Black sand and gravel. 
Dark-brown granitic gravel and sand. 
Dark granitic gravel and sand. 
Dark granitic gravels and sands. 

Do. 

Do. 
Reddish-yellow granitic gravel and sand. 
Dark granitic gravel and sand. 
Coarse sand and reddish gravel. 

Olacial sand and gravel. 

Coarse granitic gravel. 

Medium coarse gravel. 

Coarse sand, chimging to gravel. 

Coarse sand and gravel with granitk^ pebbles. 

Sand and fine gravel. 
Water-bearing iron formation. 

Dark dirty nanitic sands. 

Reddish-yeUow silty sand and gravel with granitic pebbles. 

Coarse sand. 

Light-colored granitic gravel. 

Micaoeous sand. 

Yellow sand and gravel. 

Fine yellow sand. 

Sand. 

Yellow sand and gravel. 

Coarse sand. 

Fine gray and black sand. 

Sand. 

Gravel. 

Fine sand and gravel. 

Dark-brown sravel mixed with clay. 

Brown gravelly sand. 

Fine to coarse yelk>w gra^'el. 

Llght-yeUowisn gravel. 

Oranitk pebbles siie of fist. 

Dark clay and sand. 

Yellow and orancpe sand and gravel. 

Sharp white sana with biotite. 



Plum, GhiUj arid Fishers islands, — On Plum Island the Jameco probably embraces the 
material from 2^ to 89 feet in the Army well. The Herod gravel member of the Manhasset 
formation, the Jacob sand, and the Gardiners clay were evidently here cut out by the Mon- 
tauk ice. 

Record of United States Army well on Plum Island, New York. 

Montauk till member of ManbaaBet formation: Feet. 

Loam - 2J 

Sand and large bowlders 2^20 

Jameco gravel: 

Fine sand 20-31 

Fine sand and gravel 31 -49 

Coarse sand and fine gravel 49 -89 

Gull Island is only just awash and nothing but till, which may be either Montauk or Wis- 
consin, is exposed. The following record probably begins below the Gardiners clay, which, 
if present, wotiid occur at about sea level. 

Record of United Stales Army well on Gull Island, New York. 

Jameco gravel (mainly): Feet. 

Loam and sand , 0-30 

Coareesand 30- 40 

Very coarse sand 40- 46 

Very coarse sand and gravel 46- 52 

Sand 52-57 

Fine quicksand 57- 82 

Sand and clay 82- 87 

Gravel and sand 87- 91 

Coarse gravel and sand 91- 98 

Cretaceous: 

Fine sand 98-108 

Ligbt-colored clay 108-112 

Dark-blue clay, rather oily; when exposed to the air became very hard 112-291 
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AGS. 

The glacial or glaciofluviatile origin of the Jameco gravel is apparently shown by its 
highly granitic character, and if , as is believed, the Mannetto gravel is of similar origin, the 
Jameco was evidently deposited during a second glacial stage separated from the first by a long 
interval of deglaciation. The period of erosion between the two stages is somewhat compar- 
able, so far as the effects on the island are concerned, with the long Pliocene epoch. It was in all 
probability at least as long as several of the later stages put together. This great length 
suggests that several stages of glaciation might have intervened, but nowhere on Long Island 
or on the New England coasts have evidences of glacial deposits that might be referred to such 
stages been found, notwithstanding the numerous localities where the older Pleistocene deposits 
have been brought up by folding and exposed in cliffs or have been penetrated by wells. A 
possible clue to the age of the Jameco is afforded by its place in the glacial sequence of the 
island, which is closely similar to the well-established succession of the !Mississippi Valley. 
This evidence as well as the weathering of the Jameco materials suggests its possible equivalence 
with the Kansan stage of the interior of the country. 

GARDINERS CLAT. 



The Gardiners clay derives its name from Gardiners Island, situated between the North 
and South flukes at the east end of Long Island, on which several clay beds with included sands 
are well exposed at a number of points. It is the exact equivalent of the Sankaty beds of 
Veatch * but is not the equivalent of the Sankaty beds of J. B. Woodworth,' with which Veatch 
mistakenly correlated it. The term Sankaty beds was proposed by Woodworth for a series of 
marine sands and gravels with a few minor clayey layers, locally carrying a Pleistocene fauna, 
which are involved in the folding that affected all the New England islands. The name is taken 
from Sankaty Head, Nantucket, where the fossils were first observed. No true clay was exposed 
at the type locality, except a fossiliferous bed only a few feet in thickness, although a series of 
brownish clayey sands incorrectly designated clay were exposed to a depth of 20 feet at the 
base of the cliff some 50 years ago.' The remaining parts of the bluff were made up mainly 
of sands, gravels, and semi-till. 

Later Veatch,^ on the ground of similarity of fauna, applied the same name to the blue, gray, 
or red Pleistocene clays of Long and Gardiners islands, which reach in the former island, according 
to the evidence of wells, a maximum thickness of about 100 feet. The present writer was 
originally inclined to the use of the term,* but subsequent field work, during which the greater 
part of the shores of Long, Gardiners, Plum, Fishers, and Block islands were traversed and the 
bluff sections of Marthas Vineyard, Nantucket, and Cape Cod were visited, brought out the 
fact that the true clays in each of 4he localities mentioned are stratigraphically below the lowest 
of the deposits at Sankaty Head and hence should not be included under the same name. More- 
over, the Sankaty beds of Woodworth are separable into two distinct units, the Jacob sand and 
the Herod gravel member of the Manhasset formation (see pp. 106 and 121), each of which has 
been traced by the writer from western Long Island to Nantucket. The true clays, to which 
the term Gardiners clay is given, are interglacial deposits, but the Jacob sand and the Herod 
gravel member of the Manhasset formation are of glacial origin. The term Sankaty as used 
by Woodworth includes materials of unlike character but of glacial origin; as used by Veatch 
it applies to interglacial deposits. 

I Op. cit., p. 3d. 

* Glacial brick clays of Rhode Island and southeastern Massachusetts: Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 1, 1896, p. 977. 
'Desor, E., and Cabot, E. C, On the Tertiary and more recent deposits in the island of Nantucket: Quart. Jour. Geol. Soc. London, vol. 5, 
1S49, pp. 340-344. 

4 Veatch, A. C, The diversity of the glacial period on Long Island: Jour. Geology, vol. 11, 1903, pp. 7G2-77G. 

> Fuller, M. L., Probable pre-Kansan and lowan deposits of Long Island, New York: Am. Geologist, vol. 32, 1903, p. 311. 
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CHARAOTXB. 

On weBtem Long Island, where the formation reaches its maximum development, the 
Gardiners clay consists of irregular dark -colored heds alternating with layers or lenses of sand 
and fine gravel and attaining near Brooklyn an aggregate thickness of 150 feet. In this region 
the clays, unlike those in the localities farther east, grade downward through glauconitic and 
locally fossUiferous sand 
into the Jameco gravel, 
representing in fact 
transitional deposits. 
The clays themselves 
consist of a very fine 
silt, dark from the con- 
tained organic matter 
and carrying more or 
lees lignitized wood. 
The included sandy lay- 
ers are commonly from 
5 to 10 feet thick and 
at some places have 
yielded fossil remains. 
Some of them are 
thought to represent the 




Fioimeei.-SectianiiiearBroviuPolDt. By W. W, KBth«r. 



outwash from the adjacent land and others to be channel or shore-line deposits. The lignite 
fragments that they yield are rounded as if waterwom. 

Toward the east the clays gradually lose their dark lignitic color, bluish tints taking its 
place, but, if well records are to be relied upon, they are still fossilifcrous. Near the east end 
of the island the bluish tint is replaced by reds and greens, although black clay is to be aeen 
locally on Gardiners Island. The red color is commonly of a brownish tinge and appears to be 
due to the presence of material derived from the Triassic area of Connecticut, indicating the 
probable existence of Connecticut River in its present position. In some places a more intense 

red, similar to the 
E color of the bright 

« « ^ ^ Mauch Chunk shale 

7 o H E s of eastern Pennsyl- 

vania, is to be seen. 
The amount of red 
material often ap- 
pears to be in excess 
of what is actually 
present because of 
small quantities 
that have been 
washed down and 
form a coating over 
other deposits. In 

this r^on the formation is not a lithologic unit but consists of several alternating beds of clay 
and sand each from 6 to 10 feet or more in thickness. Probably the best illustration of this charac- 
teristic is afforded by the section figured by Mather in his report on the first geological district 
of New York,* Mather's illustration is reproduced here as figure 61. Similar complexity 
is shown by many Gardiners Island sections. One of the features of this phase of the Gardiners 
clay is the lack of persistence of the individual beds. A clay bed 10 feet in thickness may, for 
instance, disappear within a space of a few hundred feet, whereas in other sections, as in most 
of the exposures on the Massachusetts coast and islands, the formation is clayey throughout. 

' HktbH, W. W,, Owlogy oT New York, pt. 1, 1843, pi, 4, flga. 4-T. 
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On Montauk Point the clay maintains a reddish tinge, although the color is nearer to 
chocolate than to the bright red of Gardiners Island, and is more likely to be interlaminated 
with fine sand. In fact, the material is intermediate between the deposits of Gardiners Island 
and those of Port Washington. On Plum and Fishers islands the clay is similar to that at 
Montauk, but on Block Island and Marthas Vineyard and at Truro it is blue-gray to nearly 
black. 

SOU&CS OF MATEBIAI^ 

Many difficulties are encoimtered in searching for an explanation of the derivation of the 
materials composing the Gardiners clay. The presence of fossils bearing evidence of a moderate 
climate and the occurrence of lignite point to accumulation in an interglacial stage, which, to 
judge from the thickness of the clays, was of long duration. In western Long Island, where they 
reach a thickness several times as great as near the east end, they may be conceived to have 
been derived from the erosion of Cretaceous deposits. The Mannetto gravel, which originally 
mantled the Cretaceous, had been almost entirely removed, and the Jameco gravel was below 
sea level. The streams and the sea were, therefore, free to act on the Cretaceous clays, and 
doubtless it was through their agency that a considerable part of the material for the Gardiners 
clay, especially the interbedded sands and gravels, was obtained. Probably not all of the 
material was thus derived, however, for farther east on the island there appears to have been Uttle 
or no Cretaceous above sea level. A clue to the soiwce of the clay in this part of the island 
may ]>ossibly be found in its color, which suggests its derivation from Triassic materials, prob- 
ably brought into the ocean by Connecticut River, which, as previously pointed out, had appar- 
ently already taken its present course. The amount of clayey sediment now carried by the New 
England rivers is extremely slight, and the accumulation of 30 to 150 feet of clay over so wide 
an area would, under the present conditions, require a time interval of great length. It is not 
impossible that the land, although low in the vicinity of Long Island, may have been somewhat 
elevated farther north, in which case erosion would be facilitated and relatively large amounts 
of silt furnished. Of such an elevation at this time, however, the writer knows of no other 
evidence, unless th^ cool climate is to be taken as indicating the existence of elevated areas in 
the near vicinity — a not very reasonable supposition. 

After the material was once brought to the sea its distribution would probably not be 
difficult, for the region is one of strong and shifting currents, as attested by the many moving 
shoals off Monomoy and Nantucket. 

RXZJLTIOV TO OLDBB DSP08XT8. 

The contact between the Gardiners clay and the top of the Jameco gravel is nowhere well 
exposed on Long Island, but so far as can be determined it is everywhere conformable. The 
line of demarcation, as brought out by well records on Long Island and especially by expo- 
sures on Block Island, Marthas Vineyard, and Cape Cod (see p. 220) is usually sharp, gravels 
of medium coarseness giving way abruptly to clay entirely free from sand or pebbles, as if 
the supply had been cut off by the sudden retreat of the ice sheet, which had previously fur- 
nished coarse materials in abundance. Sharp contacts such as occur in the New England 
islands are presmnably present in eastem.Long Island. The clay extends for several feet before 
coarser materials reappear as thin intercalated beds of sand or fine gravel, and no coarse graveb 
were laid down until after the deposition of 50 to 200 feet of clay and fine sand forming the 
Gardiners and Jacob formations. The only exception to the abruptness of contact seems to 
be in western Long Island, where there appears to be a transition through glauconitic or fossil- 
iferous sand into the Jameco gravel, as brought out in the well records. 

The great body of the Gardiners clay rests upon the Jameco gravel, but along the borders 
of the Jameco next to the Cretaceous land mass, especiaUy along the edges of the great depres- 
sion in the vicinity of Jamaica Bay, the clay laps up on the eroded surfaces of the Cretaceous 
and Mannetto (fig. 57) or even upon the metamorphic rocks (fig. 62), with sharp erosion and 
overlap unconformities. 
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FiauRE 63.— Sectkm near Eastern Plain Point, 
Qardiners Island, showing llontauk till mem- 
ber of Manhasaet formation in contact with 
Oardinersday. 



CKABAOTXH OF THE TJPPBll OOHTACT. 

The Gardiners clay nonnally passes by gradual transition into the overlying Jacob sand, 
the clay first becoming slightly more sandy, then alternating with thin laminsB or layera of 
sand, and finally giving place to the characteristic clayey sand of the Jacob (fig. 61, p. 93). 
At many points, however, the normal conformable contact with the overlying beds is replaced 
by an miconformity resulting from erosion by the ice sheet that subsequently deposited the 
Montauk till member of the Manhasset formation. This powerful sheet not infrequently 
scoured through- the Herod gravel member of the Manhasset and the Jacob sand into the 
Gardiners clay, so that the Montauk (fig. 63) or, in its absence, the still younger Hempstead 
gravel member of the Manhasset may rest upon the clay. The erosion has given lise to differ- 
ences of level of many feet in the surface of the Gardiners clay, according to whether the ice 
removed only a few inches or took a considerable portion of its s. 
bed, and the greatest differences may be found within a space 
of a few yards. In many places the deposits were strongly 
folded by the ice before the Montauk till member was deposited 
over the upturned and eroded beds. 

The physical character of the contact with the Montauk 
till member differs with the nature of the till. Where a large 
amoimt of debris was carried by the ice, the clay in many places 
gives way rather abruptly to a bowlder-clay till, in which the only suggestion of transition is 
the unusual amount of clay and the strong red tinge imparted to the till by the material picked 
up from the underlying Gardiners clay. At other points, where less material was being carried 
by the basal part of the ice sheet, the demarcation between the two beds is less sharp, the 
Gardiners clay gradually becoming less regular in lamination toward the top and finally giving 
way to a structureless or irregularly laminated clay with a few foreign pebbles, indicating a 
reworking by the ice. This slightly reworked layer is a somewhat characteristic feature of the 
top of the Gardiners clay and is in places very difficult to distinguish from the undisturbed clay, 
especially in eastern Long Island and on the New England islands and Cape Cod. 

STHUCTUBE. 

At no point where the Gardiners clay is exposed at the surface is it foimd in an imdis- 
turbed condition. At some places it is warped into broad, low undulations (fig. 193, p. 156) and 

at others it ia compressed into sharp overturned folds (fig. 
64), but it is nowhere horizontal for distances of more than 
a few yards. Its striking character and sharp contrast 
witli the associated beds makes it an ideal key to the 
structure, and it is, in fact, upon this bed that most of 
the structural observations on the island have been based. 
In general the disturbance is most marked on the north 
side of Long Island and on the islands farther east, espe- 
cially where the land presents a steep front to the north, 
becoming less conspicuous in the interior and on the south 
coast. In the former situations the clays are at many 
points thrown into closely compressed, locally overturned isoclinal folds. In practically all 
these folds the axes have approximately east-west directions. The anticlines have steeper 
slopes to the south than to the north, and the overturning is always toward the south. 

The folding is weakest at the west end of the island and becomes progressively greater 
toward the east, reaching a maximum on Orient Point, Gardiners Island, and Montauk Point. 
On the north coast of the western third of the island the Gardiners clay seems to have occupied 
baylike reentrants in the Cretaceous coast line and to have been protected both by the projecting 
Cretaceous headlands and by the thick overlying Herod gravel member of the Manhasset for- 
mation, which took up the greater part of the disturbance resulting from the overriding ice 




f ^Feet 

FiouBK 04.— Section near Jacob Hill, showing over- 
tmned fold of Oaxdiners clay beneath Jacob sand. 
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sheet. In the Jamaica region the ice seems to have overridden an even surface that presented 
few obfltacies to its advance, and the disturbance appears to be limited to a few broad imdula- 
tions apparently due to warping under the influence of the load of ice. 

Farther east the Cretaceous land was lower, and the Gardiners clay was deposited as a fringe 
around its borders. The absence of protecting headlands of the older formation and the relative 
tiunness of the overlying gravels left the Gardiners clay with less protection than at points 
farther west, and as a consequence the folding in it is much more pronounced. The details of 
the folding are brought out below, where the distribution of the clay is described. 

Besides being eroded and folded by the Montauk ice sheet, the Gardiners clay has been more 
or less affected by a slight but somewhat widespread crustal warping. This warping seems to 
be representee! by a slight uplift of the eastern part of the island, as compared with the western 
part, the clays being on the whole perhaps 25 feet nearer the surface at Montauk than at the 
Brooklyn end of the island. It is in part to this cause that their more frequent appearance at 
the surface in the eastern portion of the island is due, although the greater folding in this region 
and the absence of the protecting masses of Cretaceous deposits such as occurred farther west 
are perhaps the most important factors. It may be remarked that the uplift appears to have 
been still greater in the New England islands and on Cape Cod. 

DSBTRIBTrrzOV. 
SURFACE EXPOSURES. 

The Gardiners clay has been recognized in surface outcrops at many localities on Long Island, 
from Manhass(8t Neck on the west to Orient and Montauk points on the east. It is also found 
on Robins, Plum, Fishers, and Gardiners islands. 

Hempstead Harbor, — ^Although, as indicated by exposures of the Jacob sand, into which the 
Gardiners clay grades, the Gardiners is near the surface at Plum Point and vicinity and 

f J. jMui I f MM. .J. ■■ 11 ■»■■ ■ 11.^^^ ^^^^ ^^^ Washington 

2 ^^^^' ^^^'>^:^^V;'l^^:^^^^^^f?^;•r -^.^^^ on Manhasset Bay, the 

1 .>;;/;;'>->^^^=^ ^^/J^-i:|j^^-.v jjj^gl- westerly exposures 

riouma 66.— 8«otion at Rooky Point, wwt of Cold Spring Harbor, a, Wtaoonaln till; 5, Hempstead gravel are those f OUnd On the 
member of Manhasset formation; c, Montauk till member of Manhasset; d, Herod gravel member of ^og*. a\Aa of HpTnnstAad 
Manhasset; <*, Jac*ob sand; /, Gardiners clay. *^ 

Harbor. Just south of 
Red Spring Point about 5 feet of a gray sandy«clay lying near beach level apparently represents 
the top of the Gardiners, and a little farther south, about halfway between Red Spring Point 
and Glen Cove Landing, another exposure showed a few feet of greenish clay with scattered 
quartss pebbles from an eighth to a fourth of an inch in diameter, likewise representing the top 
of the Gardiners clay. Still farther south, although the Jacob sand was exposed at several 
points, the Gardiners clay was not seen, even where the Cretaceous is above sea level, being 
covered, if it occurs at all, by talus qf gravel from the higher parts of the bluff. 

Rocky BoiiUy Cold Spring Harbor. — ^The next exposure of what appears to be Gardiners clay 
is found at Rocky Point, on the west side of the entrance to Cold Spring Harbor. A low arch 
at this point brings up about 5 feet of dark-gray clay containing the small scattered quartz 
pebbles characteristic of the Gardiners clay (fig. 65). The upper part of the clay shows the 
greenish-yellow tints due to weathering characteristic of the Gardiners clay. This clay should 
not be confused with the clay outcropping on the beach below high-tide level, which is referred to 
the Cretaceous (p. 70) ^ Another exposure of the clay is reported west of Moses Point, at the 
south end of **the island." 

Uoyd Neck, — ^At the foot of the bluff facing Cold Spring Harbor, for a quarter of a mile or 
more north of the base of the bar separating Cold Spring from Uoyd Harbor, there were to be 
seen in 1903 a series of yellowish Pleistocene clays which possibly represent the top of the Gardi- 
ners clay, although they may belong to the Mannetto. The following is a typical section: 
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Fiousx 66.— Stctkm north of West Beaoh, 
Eaton Neck, a, Wisconsin till; b, tm 
(Montauk till member of Manhasset for- 
mationT); e, Herod gravel member of 
Manhasset formation and Jacob sand; d, 
Qardiners clay (?);«, liannetto gravel 
with erratic bowlders; /, Cretaoeous. 



Section o/claysy etc., on Lloyd Neck. 

Feet 

Yellow clay interstratified with sand and containing cobbles up to 6 inches in diameter 2 

Bright-yellow clay 1 

Yellow clay with ferruginous sand and pebble layers 1 

Yellow clay with clean quartz sand and pebbles 1 

Fine quartz gravel with manganese and iron stains and an occasional decayed granitic pebble, 

extending to tide level 5 

The outcrops show gentle warping with dips of 5® to 10®. In places there are indications 
of gray clay, probably Cretaceous, below tide level. 

Eaton Neck, — ^In an amphitheater eroded back into the bluffs facing Huntington Bay, a 
little north of the base of West Beach sand pit, 4 feet of chocolate- 
colored clay of the Gardiners type lies unconf ormably upon a con- 
siderable thickness of Mannetto gravel (fig. 66) . The clay dips 
toward the north and approaches the Cretaceous a little farther 
along the bluffs. Although resembling the Gardiners clay in 
character, this clay lies at an abnormal height above sea level and 
may be a phase of the Montauk till member of the Manhasset 
formation, such as is found near Montauk Point (p. 144). Half a 
mile north of this exposure 6 feet of black micaceous clay over- 
lain by 3 feet of brownish clayey sand and 20 feet of yellowish 
sand is exposed in the bluffs. This may be Gardiners clay, but the 
freedom of the overlying sand from granitic or other northern 
material and its general similarity to the Cretaceous sands indicate 
that the clay should probably be referred to the Cretaceous. 

WoodhvU Landing, — From Eaton Neck eastward for 20 miles no clays of the Gardiners type 
are exposed at the surface, but at Woodhull Landing, northeast of Miller Place, there was in 

1904 a poor exposure of mottled buff to gray clay con- 
taining some sand and small scattered quartz pebbles. 
The clay appears to have a thickness of 10 to 15 feet 
or more and is traversed by joints with dendritic mark- 
ings. Its characteristics are Gardiners rather than 
Cretaceous. 

Rocky Point Landing, — Half a mile west of Rocky 
Point Landing the section shown in figure 67 was 
observed in 1903. The material along the fault is a 
tough brown clay free from sand or pebbles, and as it 
resembles the unquestionable exposures of the Gar- 
diners clay at other localities, it is referred to that formation. A quarter of a mile farther east 
is another exposure having the relations shown in 
figure 68. The material is a bright salmon-pink, 
finely laminated, very plastic clay with mica part- 
ings but without sand or pebbles; it seems to be 
10 feet or more in thickness. The sand showing 
beneath the clay is probably thin and under- 
lain by the main body of the Gardiners, as the 
thickness exposed is but a small part of that 
usually characterizing the formation. 

HaUock Landing, — ^Between Rocky Point and 
Hallock landings the beach is wet and springy, 
with occasional pools of fresh water, as if the clay were close beneath. The Jacob sand 
appears at several points, affording further evidence of the presence of the Gardiners clay at no 
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FioxTBB 67.~8eotkm half a mfle west of Rocky Point Land- 
ingy northeast of Miller Place, a, Buff sand (Herod gravel 
member of Manhasset formation); 6, light-brown clay free 
from pebbles (Gardiners day?); c, sandy clay (Jacob sand). 




FiQUBE 68.— Section near Rocky Point Landing northeast of 
Miller Place, a, Bright salmon-colored clays with micaoeoas 
sand partings (Qardiners day?); 6, white sand; c, buff sands 
and sandy dajrs (Jacob sand). 
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Figure 69.— Sectkm west of Hallock Landing. 
Gf Gardineni clay; b, granitic gravels (probar 
bly Herod gravel member of Manhasset for- 
mation). 



Figure 70.~Seotion a quarter of a mile east of Roanoke 
Landing, a, Oardfners clay (T); 5, Herod gravel mem- 
ber of Manhasset formation (?). 




Figure 71.— Section three-quarters of a mOe east of Roa- 
noke Landing, a, Bluff sand (Herod gravel member 
of Manhasset liormation (f); b, clay (OardfnersT); c, 
Jacob sand (?). 



great distance below the surface. A little clay, possibly Gardiners, was seen in a nearly vertical 
position (fig. 69) a little west of the landing, but its relations are somewhat obscure. 

Roanoke Point. — ^East of the last-named locality no Gardi- 
ners clay was seen for 10 to 12 miles, although the indications 
of the Jacob sand observed at a number of points suggest that 
the clay is close to the 
surface. The springs and 
pools of fresh water along 
the base of the bluff in- 
side the beach and the 
numerous landsUps also 
probably indicate the 
presence of clay beneath 
the surficial deposits. A 
clay was seen a quarter of a mile east of Roanoke Land- 
ing, where the section represented in figure 70 was ex- 
posed. This clay may be the Gardiners. Half a mile 
farther east another section, shown in figure 71, was seen. 
The clay was here strongly folded and overturned. 

J<icob Hid. — The first really good exposure of the 
Gardiners clay is at Jacob Hill, 2 miles northeast of Northville, where several pinnacles of 
contorted reddish or chocolate-colored sandy clays stand out prominently just back of the 
beach (fig. 72). The clay seems to be involved in an overturned fold. 

Brown Hills. — No more exposures of undoubted Gardiners clay occur on the north shore for 

another 25 miles, the clays at the brickyards at Conkling Point, 
southwest of Greenport, belonging to the Montauk till member of 
the Manhasset formation, instead of to the Gardiners clay, repre- 
senting, however, reworked and redeposited material derived from 
the Gardiners. At Brown Hills, northeast of Orient village, many 
indications of the presence of Gardiners day were observed, 
although none of the exposures were fresh at the time of the 
writer's visit. Figure 73 shows one of the best exposures. The 
material is a tough, chocolate-colored clay dipping at angles as high 
as 80®. At the beach about 15 feet of the clay is exposed, but the 
base is not shown and probably the actual thickness is much 
greater, especially in the hills far- 
ther inland. 

The conditions for observa- 
tions are best after severe storms. 
Mather, who examined the bluffs 
after such a storm on October 1 1 and 
12, 1836, foimd some remarkably good exposures, the most strik- 
ing of which, illustrated in figure 61 (p. 93), shows a broad 
anticline of Gardiners clay flanked with alternating sands and 
clays of the Jacob formation. The whole deposit is beveled 
off and is covered by a clayey stratified till ("clay with iron 
crusts"), here referred to the Montauk member of the Manhasset 
formation. 

Robins Island, — Several fine exposures of the Gardiners clay may be seen on Robins Island 
between Great and Little Peconic bays. The best of these are near the north end of the bluff 
on the west shore, where there is 10 feet or more of dark-gray, greenish, or purplish clay inter- 




FiouBE 72.— Section near Jacob Hill, a, 
Reddish to chocolate-colored Oardiners 
clay; 6, buff clayey Jacob sand; e, gra^ 
nitic gravels lying beneath overturned 
fold (Herod gravel member of Manhamet 
formatkmT). 




9 ^Feet 

Figure 73.— Section at Brown Hills, near 
Orient, a, Chocolat4w»lored clay (Gardi- 
ners clay ) ; b, gray sandy clay (Jacob sand). 
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Figure 74.— Sectloii on east side of Robins Island, a, Wisoanstn till; h, boff contorted sand 
(Jacob sand and Herod grayel member of lianhasaet formation); e, dark clay (OardinCTselay). 



mingled with a little sand and carrying a few small quartz pebbles and more rarely a granitic 
pebble. The beds are gently warped, in places rising 10 feet above the beach and in places 
sinking below sea level. Farther south blue and brown clays, with flat clay concretions, are 
seen at several places (figs. 74 
and 193, p. 156). Half a mile 
south of these sections there 
was in 1904 a sharp nose show- 
. ing buflf and brown sandy clay, 
somewhat contorted and standi 
ing at an angle of 60° to 70°. The relations are shown in figure 75. Springs along the beach 
indicate the presence of clay near the surface at other points, but none was actually exposed. 

South shore of Great Peconic Bay. — One mile east of Red Cedar Point, near Southport, a 
nearly black clay carrying the characteristic quartz pebbles of the Gardiners clay occurs near 
beach level. It lies beneath the red banded Montauk till member of the Manhasset formation, 
with which it is involved in vertical or overturned isoclinal folds at two or more points. A 
third exposure was found in an abandoned clay pit a quarter of a mile east of Shinnecock Canal. 
The bottom of the pit appears to be a dark-gray to black plastic clay of the Gardiners type, 

grading upward at about the level of the floor of the excavation 
into a greenish-black clay full of pebbles representing reworked 
Gardiners material (Montauk till member). 

The next exposure is about 1^ miles to the northeast, in the 

bluff of Sebonac Neck, near the south end of which is seen 

aboiit 6 feet of a bright blue-gray clay weathering greenish and 

carrying small quartz pebbles irregularly distributed through 

the mass. It is interlaminated with a few thin streaks of red 

sand or reddish-brown clay and seems to be true Gardiners clay. 

Hog NecJc. — Near the northwest point of Hog Neck several 

feet of folded greenish-blue fossiliferous clay was exposed in 

1904. The fossil shells, however, were much broken and the clay 

carries granitic pebbles, indicating that it was reworked by the 

Montauk ice, although undisturbed Gardiners clay is probably 

not far below. 

Soy Harbor, — Red clay, apparently representing the Gardiners clay, was noted in the 

moraine at several points southwest of Sag Harbor and has been worked on a small scale in 

times past. One exposure was seen in 1903 on a road through the moraine a mile west of the 

Sag Harbor and Bridgehampton road. Gray, red, and greenish clays were seen in an old pit on 

a private road between the two highways mentioned. The clay lies 100 feet or more above sea 

level and is everywhere disturbed. Its position is apparently due to folding or shove by one 

of the ice sheets — ^presumably 

the Montauk. Some pebbly 




FiouRB 75.— -Sectian on east side of Robins 
Island, a, Buff to brown contorted sandy 
clay (Gardiners clay); b, sand and clayey 
sand (Jacob sand); c, buff sand (Herod 
gravel member of ICanhasset formation). 
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FiouBB 76.— Section half a mile west of False Point, Montaalc. 



clays represent the parts re- 
worked by the ice. 

Montauk.— Salf a mile 
west of False Point, Montauk, 
a good expostire of the dark 
chocolate-colored type of the 

Gardiners clay was seen. Its relations are brought out in figure 76. Another exposure of 
clay, possibly Gardiners, having the relations shown in figure 87 (p. 107), was seen IJ miles 
southwest of Montauk Light, and a third exposure, showing upturned clay, was found about 
a mile farther west. The thickness exposed was nowhere more than 15 feet, but as the whole 
of the formation was not seen the entire thickness may be much greater. 
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TuivtM n.— Seotlcn nor Cbanr 
Hill Point, aardinen Islud. a. 
Blwk clay (QuiUiKn ciaj}-. b, 
gneukh [oniUIsniui cl>;8 (Oar- 
diiien):(,cedd*7[(]anliiKn): i, 
bull nod and cla; {Jacob mod); 




rs.— Soctlon ■ quarter at a mile ewt of nofHrweet end ol blnfla on 
et coait of Gardlneni Island. a,Hprod giavflmemberal II 
od; b. One gmy Jacob sand; f, red GanUnfira riaj. 



Oardiners Island. — Gardiners Island, lying between the North and South flukes, is the type 
locality for the Gardiners clay . (See figs. 77 to 81.) On its western shore a few feet of contorted 
reddish days interlaminated with grayish-buff sand representing the top of the Gardiners clay 
was seen in a low bluff about a mile north of Great Pond, but it was 
not observed again until a point half a mile east of Cherry Hill Point 
was reached. Here a succession of black, greenish (fossiliferous), and 
red clays, merg- 
ing upward into 
Jacob sand and 
dipping 45° or 
50° N., was ex- 
posed in gullies 
near the shore. 
The occurrence 
is illustrated in 

figure 77, which is a north-south section. Figure 81, representing a section- near the south 
end of Bostwick Bay, shows the Oardiners clay banking against the Herod gravel member in 
an overturned fold. Near the northwest end of the bluffs on the northeast side of the island a 
broad anticline (fig. 100, p. 1 10) brings up 
15 to 20 feet of red Gardiners clay, and a 
httle south is an overturned anticline of 
red clay. The relations are shown in 
figure 78. Another exposure is shown in 
figure 129 (p. 129). Complicated expo- 
sures occur at short intervals as far as 
Eastern Plain Point. One of these, show- 
ing upturned Gardiners clay, is repre- 
sented in figure 79 and Plate XVIII, A. 
A still more remarkable exposure is that 
illustrated in figure 80, which represents 
A bluff section about 1 ,350 feet long show- 
ing six distinct anticlines, several of them 
compressed and inverted, involving the Gardiners clay. The heights of several of these are 
from 100 to 150 feet. The section figured by Veatch and shown here in figure 60 has been 
discussed on page 90. Several instructive sections are afforded in the bluffs at the south end 




FraiTiK TV.— Santlini Uiree-qDartenolHDiQeeaitaf nortbiniBtead a[ bhiSson 
norUieut coaM of Oardinecs bland, a, It«d Gudiiienclay; b, gnyclarand 
■ud (Jacob nod): e, buft udd (Herod graiet membor ol Hanbamt leims- 

lion). 




endotBtetwIck Baj.Oardlnen 
"■ - Redolay, p 
along contact (aaidinen clay); 
A,Bnd and Kraiel ( Rend gmrl 

thm). 



of Tobacco Lot Bay, in one of which fossils were found in a greenish-black phase of the 
Gardiners clay similar to that at Cherry Hill Point. 

Plum Island. — On Plum Island, just northeast of Orient Point, the same general features are 
shown as on the neighboring parts of Long Island. On the north shore the Gardiners clay, 
although nowhere exposed above sea level, is everywhere near the surface, as is indicated by 
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the numerous exposures of Jacob sand. On the south shore the clay is brought to the surface 
at one or more points by folds. One of the best of these exposures was that seen near the 
southwest end of the bluffs, 
where 15 feet of the clay with 
the relations indicated in fig- 
ure 82 is brought up. 

Fishers Island, — ^The best 
exposures of the Gardiners 
clay on Fishers Island (see fig. 
83) are at the clay pit where 
the section shown in figure 84 was seen. The dip at the pit commonly averages 45® N., pointing 
to a fold of considerable magnitude, much greater than was supposed by Ries, who reported 
that the disturbance extended only to a depth of 20 to 30 feet. That the folding is essentially 
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FioxTKE 82.— Section on south side of Plum Island . a, Wisoonain till; b, folded and Cfuilted beds of 
tbe Herod gravel member of Manhaaset formation; c, brown to chocolate^olored clay with sand 
laminsB (Qardlners clay). 
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FiouitE 83.— Index map to localities on Fishers Island. Contour interval 20 fleet. 

superficial is likewise believed by the present writer (see fig. 85), but, as indicated by figures 84, 

87 (p. 107), and 134 (p. 130), which are drawn to scale, it is certainly much greater than was 

stated by Ries. The clay pit was started in a 
valley where the clay showed at the surface, but 
it has been worked back until now 10 to 30 feet 
of till or gravel has to be stripped oflF. The outer 
or upper part of the material worked at the pit 
is a brownish sandy clay interlaminated with sand, 
perhaps 40 feet thick. The remainder is a dark 
grayish blue to nearly black plastic clay, with a 
slight brownish tinge. No pebbles could be found 
by the writer except in the lowest part of the 
clay exposed, where a lens of granitic gravel was 
seen, possibly due to the incorporation of some 
of the underlying Jameco materials. No fossil 

shells or leaves are reported. Some rounded clay concretions occur, and dendritic markings are 

found between some of the laminsB. 

Besides the main folding there are many minor contortions which appear to be due to 

movements of the clay layers over one another. The only point besides the clay pit at which 




, 50 Fear ^ 

FiouBE 84.— North-south section at Clay Point, Fishers Island 
(June, 1904). a, Wisconsin till; b, Herod gravel member of Man. 
basset formation; e, interlaminated sand and clay (Jacob sand); 
d, dark-gray to brownish-black plastic Oardiners clay. 
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the Gardiners clay is well exposed is at Isabella Beach, where the sections represented in figures 
86 and ]06 (p. 112.) are to be seen. In the section shown in figure 106 the clay is 12 feet thick, 
imd consists of alternating layers of gray and chocolate-colored siltSj weathering to a somewhat 
darker color and dipping about 45° N. At the locality of figure 86 the clays are exposed to a 

thickness of more than 20 
feet, and occur in a broad 
trough coincident with a 
surface valley. Clay is 
said to have once out- 
cropped near Clay Point 
saoftvt *^>i ^^^ north shore of the 

island, but there is now 
nothing but Wisconsin 
till to be seen in the low 
bluffs in that vicinity. 
In the base of the bluff forming the headland three-quarters of a mile northeast of the north 
eod of Isabella Beach there is a few feet of greenish-gray clay, free from pebbles and similar 
to parts of the Qardiners clay, but its relations could not be determined. (See fig. 135, p. 
130.) At no other point was the clay seen, the hills apparently being composed mainly of sand 
and fine gravel. Any storm, however, is likely 
to alter the bluffs materially, and if the clay is 
above sea level it may be exposed at any time. 



Ftauu n.-Oomnliied ncUon o[ FUmn Iitaitd. a, WlnMUiii till; i, UonUok till nvunber of Han- 
haanC kcmaUooi c, Hemt {nTsI member ol UanhuKt formalloD; d, Jsoob auid; t,audliHra ohy: 
/, JUHDO cnnl; f, Kumetto giMel (T); t, CivUueouicU;; J,11;hl-giS7gmille. The lepaiatioa ol 
JamiM ud Mamielta I* bnwtbeUcai. 




FIOUBE 86.— NortbeaM-soaUlWBstKcllon along IiBbell>B« 

1. a, Herod gnvel member of Hnnhnmnt totmillon t 
Id; c, audlneiBclar 



DBFOatra FBNBTfUTED BY WBLLS. 

The details of the distribution of the Gar- 
diners clay as shown by wells are summarized 
in the following table, based on the records 
obtained in connection with the water investiga- 
tions. The correlations in general are the same as in the report on the underground waters,' 
but in a few records, as in Nos. 71, 188, 258, 262, and 539, the writer from his study of the 
surface outcrops is inclined to make slightly different interpretations. Several exposures of 
clays that have been reported considerably above sea level on the necks of the north shore and 
correlated with the Gardiners (Sankaty of Yeatch) have been omitted from the table as more 
likdy belonging to the Cretaceous. In many of the records the material classed as clay probably 
includes the Jacob sand, which can be differentiated only with difficulty in wells. 

Gardinert clog •penetrated in welU of Long hlemd. 



Correlation, with name ii 
I la orlelual record. 



FoTMt BtTEet and Everjmsa A 



Tan Eyolt Btreol 

rorlsr and Hasps Ui ATetiues. 
Braoklrii leat weU No. 17. . . . 



Brooklyn test won No. 5 

Bowery Bay liilildin« Asawlallon 



Sbetucket pumping statioti. . . 

Ooonee pumping station 

Daialey pumping station 

ims In report os 



n-139 1 Clay i Bankaly. 

105- Blueclay : Sautaly or Crat«OBOUi. 

ST-IIT , Yellow or browutah nod and I Bankaly. 
Iillte clay. 

TS-IOO BluecLay i Sankatyr 

<8-l» do I Do. 

Sfr-IDS I Daik.gra]' clay (swamp de- | SanfeaCy. 

3IA-MI GraysUtyday ' Da. 

3»- JS Bluaandgrayclay ' Do, 

*»-M Clay Do. 

IS-M BliioeUy.wltboutpebbku....; Do. 

ID- go Bluflclsy and qiilcloand ' Suikatrand Jamsec. 

BO-lOO , Bluoclay .' SsnkBly. 

Il0-a» , Darkclay.Bome very hard.... Do. 

13i-H« rrfsyclfly Do. 

IIS-IKS Flnegrayclay Do. 

106-1 SO I nluB clay and quicksand Do. 

'oes ol Long lalaod, New York, by A. C. Vntcfa and olhen <rrof. Pi 

ork: I'nt. Faper U. S. Oeol. Survey No. 4(. 1806, pp. 168-337. 



OAPSINEBS CLAY. 



103 



Gardiner s clay penetrated in wells of Long Island. — Continued. 



No. 



201 

202 
203 
204 
206 
206 

212 
213 

239 
241 
243 
258 
250 
280 
261 
262 

273 

285 
205 

351 
374 
460 

537 
528 
529 
530 
532 
539 
543 
545 
548 
549 
613 
628 
629 
671 
601 
801 
877 
880 

881 

885 

888 
889 
892 
001 
907 



Locality. 



Jamaica South. 



do 

do 

Springfield. 

do 

do 



Jamaica. 
do.. 



Whiteatone 

do 

....do 

Hewlett Point... 
Lawrence Beach. 
Isle of Wight.... 

LawTBDoe 

do 



Hewlett. 



Valley Stream. 
Sprlngland 



Plandome Mills. 
Bamum Island . 
Doeoris 



Oyster Bay 

do 

do 

do 

do 

do 

do 

do 

do 

Cold Spring Harbor. 

West Neck 

do 

Miincie Island 

BajTshore 

Port Jefferson 

New Suffolk 

Hampton Park 



.do. 



Shelter Island. 

do 

do 

Greenport 

Sag Harbor. . . 
Shelter Island. 



Owner or place. 



Depth of 
formation. 



Character of the depoaita. 



Jameco pumping station 

Brooklyn test well No. 1 

Brooklyn teat well No. 2 

Brookl3m test well No. 3 

Brooklyn teat well No. 4 

Springfield pumping station 

Brooklyn test well No. 11 

Pumping station Jamaica Water Sup- 
ply Co. 

Pumpbig station No. 1 

Railroaa wells 

W.W.Cole 

O.B.Wilson 

Bathing Association 

John Lawrence 

D. D. Lord 

A.W.Hart 

Queens County pumping station 

Brooklyn teat well No. 19 

Brooklyn test well No. 10 

Robert Seixer 

Poorhouae 

D. F. Bush 

Chas. Weeks 

J. M. Sammis 

VanSIse&Co 

D.W.Smith 

E. K. Hutchinson 

A. J. dc A. S. Hutchinson 

O. L.Jones 

T.UnderhiU 

HamUton 

William Trotler 

Eagle Dock 

BTWard 

Mrs. M.H.CtoU 

E. H. Muncie 

Great South Bay Water Co 

J. L. DarUng 

Reidwell 

Mrs.S. F. McDonald 

E. G. Whlttaker 

J. N. Steames 

A. O. Rvder 

SheltOT Island Heights Association. . . 

Waterworks 

J.K.Morris 

Dr. Benjamin 



Feet. 

78-144 

80-142 
83-164 
86-201 
72-212 
65-170 

95-180 
60-104 



25- 46 
60- 85 
16- 70 
65- 
25-65 
40-100 
35-70 
40- 7U 

54-115 

7»-96 
80-94 

50-100 
75-113 
85-96 

15- 

30-36 

30-63 

35-50 

35-50 

30- 

60- 

25-80 

30-80 

10-70 

100-158 
88-116 
85-93 
4^ 

59-65(?) 
20-40 
4-88 
34-80 

2- 82 

27-35 

60- 

60- 

100-150 
100-132 

45- 60 



Dark-gray clay, inclosing l)ed 

of yellowish sand. 

Gray clay 

Dark-gray clay or sUty sand . . . 
Fine gray silty sand and clay. 

Gray clay 

Gray clay, with included bed 

of yellowish-gray sand. 

Gray clay 

Blue clay 



do 

Clay 

Clay and quicksand 

Blue clay 

Clay 

Sand and clay 

Clay, fine gravel, and shells. . . 
Grav clay and white sand 

with shells. 
Blue clay, green sand, and 

quarts sand. 

YeUowlBh-grey clay 

Gray Ugnitlc sand and blue 

clay. 

Mud and sand 

Dark clay and lignite 

Reddish sand, gravel, and 

clay. 

Clay 

do 

Clay and sand 

Clay 

do 

Clay, etc 

Clay 

do 

.....do 

do 

do 

Blue clay 

do 

Clay 

do 

Sticky brown to drab clay 

Clay 

Clay (part probably Montauk 

tul member). 
Very thin clay (part probably 

Montauk till member). 
Red and blue clay and white 

and red sands. 

Shells 

Red clay 

Brown day 

Gray or yellow clay . 



Sand, with fossil shells. 



Correlation, with name used 
In orl^al record. 



Sankaty. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

Do. 
Sankaty? 
Not correlated. 
Sankaty. 

Do. 

Do. 
Sankaty and Jameco. 

Do. 

Sankaty? 

Transition and Sankaty? 

Sankaty? 
Sankaty. 
Do. 

Sankaty? 

Do. 

Do. 

Do. 

Do. 
Wisconsin and Tiabury. 
Sankaty? 
Sankaty. 
Sankaty? 

Do. 
Sankaty. 
Sankaty? 
Sankaty. 
Sankaty? 

Do. 
Cretaceous? 
Sankaty? 

Do. 

Do. 
Sankaty. 

Do. 

Do. 

Do. 
Sankaty? 
Sankaty. 



The table brings out the distribution of the Gardiners clay throughout Long Island, except 
over the higher Cretaceous areas, which were land masses during its accumulation. In fact, 
indications of the clay are found in nearly all the carefully kept records of the deeper wells 
outside the Cretaceous areas mentioned, except near Sprin^eld (No. 197), where the overlying 
transitional Jacob sand is represented. It is not impossible that in some places, as at Port 
Jeflferson, certain of the clays reported in the records may be Gardiners instead of Cretaceous. 

At the west end of the island, in Brooklyn and vicinity, the formation, which there con- 
sists of bluish clay with a few layers of yellowish sand or quicksand, is persistent with a thick- 
ness usually of 25 to 50 feet, although in places, as at Porter and Maspeth avenues (No. 65), 
much greater thicknesses of clayey material are reported. It is not improbable that the thick- 
ness of 142 feet given in this well record includes the Jacob sand and a part of the Manhasset 
formation and possibly a part of the Jameco and the Cretaceous. The character of the Gardi- 
ners clay in this region is well brought out by the section of the well at Bartlett Street near 
Flushing Avenue, which has been given on page 86. 

The formation in the region north of Jamaica Bay is described as a gray to almost black 
clay, in some places (No. 136) mixed with vegetable matter, suggesting salt-marsh deposits, 
and elsewhere (Nos. 295 and 374) carrying more or less lignite, much of it in the form of rounded 
fragments, as if derived from the reworking of the Cretaceous. Some greensand (glauconite) 
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occurs mixed with the green clay near Hewlett and at Rockaway Ridge (No. 273) and fossils are 
found near Lawrence. A typical section of the ordinary nonlignitic type of the Gardiners clay 
in the Jamaica Bay region is afforded by the record of the Brooklyn test well No. 3, Brooklyn 
Aqueduct and New York Avenue (No. 204), given in the discussion of the Jameco gravel on 
page 87. 

The tripartite arrangement of the formation — a sand included between two clays — which 
is characteristic of the Gardiners clay on the island, is well brought out by this record. Its 
thickness in the region under discussion ranges from 11 feet near Aqueduct (Nos. 136 and 195) 
to 140 feet near Springfield (No. 205). The changes in thickness are very .abrupt, as shown 
by a well (No. 197) half a mile east of No. 205, which shows no clay whatever. The difference 
is due to a Cretaceous outlier at this point, which, though now buried by later glacial deposits, 
stood above the plane of deposition of the Gardiners clay. At Far Rockaway, one of two 
adjoining wells (No. 188) showed clay at 45 to 65 feet, and in the other it was reported at 20 
to 90 feet. Similar differences occiu* elsewhere in the region, part being due to causes like the 
one above described, part to differences in the amount of deposition, and part possibly to erosion 
by the Montauk ice or to stream or wave erosion in later times. 

On the north shore 14 feet of blue clay is reported at North Beach, west of Flushing Bay, 
20 to 54 feet near Whitestone, 5 to 60 feet near Oyster Bay, and 8 to 58 feet on West Neck. 
In composition the clay is somewhat variable. Near Whitestone it is a blue clay associated 
with quicksand; at Dosoris a reddish-brown gravel and sand mixed with clay; at Oyster Bay 
a greenish clay with some sand; and at West Neck a blue clay. The Dosoris section, which 
is somewhat unusual as to materials shown but normal as to its tripartite arrangement, is given 
below from Veatch's report, with the writer's correlations. 

469. Record o/D. F. Bushes well near Dosoris Pond. 

Recent: Feet. 

YellowiBh-brown sand - 4 

Marah deposit 4 - 7 

Montauk tiU member of Manhasset formation : Blue clay with pebbles (^'hardpan '') 7 -15 

Herod gravel member of Manhasset formation: Quicksand 15 ~S5 

Gardiners clay: 

Reddish gravel and clay 85 -88 

Very red sand 88 -881 

Reddish gravel and clay 88J-95 

Jameco gravel: Light-colored gravel with a considerable percentage of glacial material; fur- 
nishes artesian water 95 -97 

The wells of the north shore have in general yielded no fossils from the Gardiners clay. 
A * * black marl'' containing oyster shells identified by W. H. Dall as Osirea virginica was reported 
at a depth of 18 feet, or about 80 feet above sea level, in a well on Manhasset Neck (No. 364), 
northeast of Port Washington, but from the information afforded by adjacent wells and exposures 
in the bluff along the harbor it seems altogether improbable that the Gardiners clay is present 
at this elevation. It is more likely that the fossils belong to an old drift, probably the Montauk 
till member of the Manhasset, and are of secondary rather than primary origin. 

Toward the east end of the island the clays encountered in the wells ore more reddish 
and are more commonly fossiliferous. Red clays are reported from Shelter Island (Nos. 885 
and 889) and Greenport (No. 892). Pleistocene fossils are iound at Quogue (No. 859), at 
Shelter Island (Nos. 888 and 907), and at Bridgehampton (No. 897). Clays are encountered at 
New Suffolk (No. 877), at Hampton Park (Nos. 880 and 881), and near Sag Harbor (No. 901). 
In thickness the clay ranges from a few feet on Shelter Island to 50 feet at Greenport, 84 feet 
at New Suffolk, and 80 feet at Hampton Park. 

AGE. 

Two lines of evidence bearing on the age of the Gardiners clay are available, the first being 
their fossil content and the second the character of the immediately overlying and underlying 
beds. 
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The fossils of glacial formations are either primary — those whose position and condition 
are such as to indicate growth in place; secondary — those that have been pickeii up and rede- 
posited by the ice; or tertiary — ^those that were taken up first by the ice and later by water 
before being redeposited. All three kinds are represented on Long Island and great care is 
needed in discriminating them. Fortunately, those found in the Gardiners clay in most local- 
ities show features that indicate unquestionably their primary character. 

Shells of ** clams, oysters, razor fish," etc., have been repeatedly reported from wells on 
Rockaway Ridge and elsewhere on western Long Island in materials associated with the clay, 
generally in a sand stained black by organic matter found at the base of the clay. As they 
have been found in wells, their occurrence can not be actually observed, but their presence in a 
sand carrying lignite and greensand and thoroughly stained with organic matter, in short 
possessing the characteristics of sandy marine fiats, points strongly to their occurrence in place. 

At Fort Hamilton, facing the Narrows at the entrance of New York Bay, Nassa ohsoleUij 
Crepidula fornicaia, MytUus edvlis, Anemia ephippium, Mya arenaria, and Solen ensis were 
reported as being obtained from the Gardiners clay (Sankaty of Veatch) in a well sunk at this 
point.* 

At Bedford, according to Redfield * and Desor,* were obtained Ostrea, Venus mercenaria, 
Purpura lapiUuSf and Ba^cium obsoletum. 

A specimen of Ostrea virginica was obtained from a well on Manhasset Neck at an elevation 
of 80 to 100 feet above sea level, but it is evidently of secondary origin, unless the clay has been 
brought to an entirely abnormal and unusual height by the ice shove, which is regarded as 
improbable. The clam and oyster shells obtained near the bottom of a 40-foot layer of blue 
clay, at a depth of 60 feet below sea level, in a well near the end of the point (No. 368), were 
probably in place. 

A **marl bed containing oyster shells" is reported as occurring in a well on Main Street, 
Oyster Bay, at a depth of 45 feet, or 36 feet below sea level.* 

Many writers, includmg Samuel L. Mitchill in 1800, 1813, 1814, and 1818, Timothy Dwight 
in 1821, John Finch in 1824, W. W. Mather m 1837 to 1843, Gabriel Famum in 1875, Elias 
Lewis in 1877, Warren Upham in 1879, and F. J. H. Merrill in 1886, have recorded fossil shells 
from wells and other sources mainly in the western part of the island at horizons corresponding 
to that of the Gardiners clay. (See bibliographic review, pp. 4-22.) Of these writers, Lewis 
alone notes the occurrence of shelb in wells, the fossils observed by the other writers being in 
drift of shallow and possibly post- Wisconsin deposits. The wells noted by Lewis were at Mat- 
bush, Prospect Park, Bath, East New York, Farmingdale, and Amagansett. In the field work 
for the present report shells of Pecten were reported in two wells at Hampton Park (Nos. 880 
and 881). 

The best exposures of fossiliferous strata are found on Gardiners Island, two localities yield- 
ing shells in place. One of these localities is just east of Cherry Hill Point, the western extremity 
of the island. A diagram of the beds at this place is shown in figure 77 (p. 100). The thick- 
ness of the strata from top downward are as follows: 

Section o/fossili/ercus series near Cherry Hill Point. 

Feet. 

Wisconsin: Till resting conformably across edge of following bed 2 

Jacob sand: Sand and sandy clay in alternating layers 5 

Gardiners clay: 

Red clay with a little lignite 15 

Greenish clay with Pleistocene fauna in place 10 

Black clay with oiganic matter, exposed 3 

» Veatch, A. C, op. cit., p. 168. 

* Am. Jour. Agr. and Sci., toI. 6, 1847, pp. 2i;^219; Am. Jour. Sci., 2d ser., vol. 5, 1848, pp. 110-111; Proc. Boston Soc. Nat. Hist., vol. 4, 1854, 

p. 181. 

I Proc. Boston Soc. Nat. Hist., vol. 2, 1848, p. 247; vol. 4, 1854, pp. 180-181. 
« Woodworth, J. B., Bull. New York State Mus. No. 48, 1901, p. 661. 
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The fossils collected by Veatch at this point were identified by Dall as Area crendia, 
Modiola sp., and Cyprina islandica Gmelin. Considerable numbers of each of the forms occur. 

On Shelter Island shells were reported in great variety at a. depth of 60 feet in the well 
of A. O. Ryder. At Quogue, on the south side of Long Island, fragments of shells brought up 
from a depth of 135 feet in the well of A. B. Hallock (No. 859) were examined by Dall, who 
states that the material contained ^ ^fragments of Mulina, Astarte, an unidentifiable bivalve, 
a specimen of Ndssa trivittata Say, and fragments of an echinoderm. This is probably 
Pleistocene." Pieces of shells embedded in greenish clay (the usual character of the fossil- 
iferous part of the Gardiners clay) were brought up from a depth of 100 feet in the well of 
Sanford & Son at Bridgehampton (No. 897). 

Broken shells of species now existing were found about one-fourth of a mile south of the 
north end of the bluflFs on the west side of Hog Neck, 3 miles northwest of Sag Harbor. Thej" 
occurred in a greenish-blue clay, which, however, contains a few erratic pebbles, indicating 
that it has been reworked by the Montauk ice. Although strictly speaking they are in tiU, 
there is practically no doubt that they were derived from the Gardiners clay of the immediate 
vicinity. Small fragments of broken shells were seen in the Hempstead gravel member of the 
Manhaaset formation at one or more points but are apparently of secondary or tertiary 
origin. 

From the distribution of the fossils it will be seen that they constitute a persistent feature 
of the Gardiners clay, occurring at all levels from the transitional basal sands, as at the Rock- 
away Ridge locality, to the middle, as at Gardiners Island. They also occur in the sands 
above the clays on Gardiners and Robins islands and Nantucket, a fact which would seem 
to indicate that the conditions were very similar throughout the period of accumulation, being 
in fact not very different from those existing on the southern coasts of New England 
to-day. 

Besides the fossil shells, lignite and other forms of organic matter are of common occur- 
rence in the Gardiners clay, especially near the west end of the island, and are found in small 
amounts as far east as Gardiners Island. In some places the black muck brought up from 
wells so closely resembles the muck of the present bays in color, texture, and odor that the 
two are practically indbtinguishable. Some of the lignite is rounded as if rolled about by the 
waves, indicating an origin at sea level. It is thus seen that parts of the deposits have a close 
resemblance to salt-marsh or shallow-lagoon deposits. 

Lignite and other woody materials were reported by many of the early investigators as 
occurring in the weDs of western Long Island at horizons not far from that of the Gardiners 
clay. Probably some of these materials, especially the true lignites, are from the Gardiners 
clay, but it seems likely that many of the fresher fragments described as wood, tree trunks, 
branching trees, etc., are yoimger, probably representing soil zones of the Vineyard inter- 
glacial stage. 

The Gardiners clay, as indicated by its fossils and its wood and lignitic content, muck, et<;., 
must undoubtedly be regarded as an interglacial deposit. Below it lies the Jameco gravel, 
which, as has been stated, is probably of glacial origin, and above it is the great Manhasset 
formation (preceded by the transitional Jacob sand), consisting of unfossiliferous gravels with 
a thick intercalated till member (Montauk), all of which are likewise thought to be of glacial 
derivation. If. the tentative correlation of these glacial formations with the Kansan and 
lUinoian glacial stages should prove correct, it would fix the time of the Gardiners clay as cor- 
responding to the stage known in the interior of the country as the Yarmouth interglacial stage. 

JACOB SAND. 



The Gardiners clay grades upward through interlaminated clays and sands into fuie silly 
sands. When wet many of these sands are somewhat plastic and show a pinkish tinge due to 
their clay content, which gives them a certain resemblance to the Gardiners clay. Although 
their deposition followed without a break that of the Gardiners clay, they nevertheless show 
sufficient lithologic difference from that formation to permit their recognition throughout 
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Long Island and the islands farther east. Their lithologic characteristics, marking a distinct and 
persistent change in the conditions of deposition, entitle the beds to recognition as a separate 
formation. 

To this formation the name Jacob sand has been applied, from Jacob Hill, a high point on 
the north shore of Long Island, 8 miles northeast of Riverhead, near which the formation is 
weU exposed. 

ORARACTE&. 

In its most characteristic form the Jacob sand consists of exceedingly fine sands, mainly 
quartz flom*, but with many grains of white mica and some of dark-colored minerals. In color 
the sands commonly range from a very light gray to yellowish and buff tints, but where laminsB 
of true clay are present they may be stained reddish externally. They are everywhere clearly 
stratified, although individual beds several feet thick and appearing structureless to the eye are 
encountered. When wet most of them are somewhat plastic but lack the toughness of true 
clay; all are decidedly gritty to the teeth and most of them to the touch. Interbedded with the 
fine varieties of the Jacob deposits are some more distinctly sandy beds, usually buff or yellow- 
ish, and several feet thick, in which particles of fairly fresh granitic minerals can be recognized. 

BOUaCE OF XATBBIAL. 

Whether the gradual change from plastic clays to the exceedingly fine, claylike quartz sands 
of the Jacob formation was due to a change in level, to a change in direction and strength of the 
currents, to the advent in the region of the finer materials from the outwash of an advancing 
ice sheet, or to a combination of all these factors, can not be stated definitely. 

Perhaps the best clue to the source of the material is afforded by the general sequence of the 
deposits. Following the fine plastic Gardiners clay, whose character indicates, in all probability, 
a very slow accumulation imder conditions of scanty supply, the Jacob sand affords indica- 
tions of increased supply and more rapid accumulation, and the succeeding Herod gravel 
member of the Manhasset formation affords evidence of still more rapid deposition and the 
near approach of the ice sheet associated with the Montauk till member of the Manhasset. In 
other words, the Jacob sand seems to mark the first influx of new material on the advance of 
the ice sheet, bringing to a close the interglacial stage characterized by the Gardiners clay. 

BSLATXOV TO OLDE& DSPOSXTB. 

As previously noted, the Jacob sand in many places merges by insensible gradations into the 
Gardiners clay, although elsewhere the sand gives way to the clay more abruptly. It has not 
been seen in contact with beds older than the Gardiners, but it must overlap the Mannetto or 
Cretaceous at many points below sea level. 

CHA&ACTBB OF THE TTPPEE OOVTAOT. 

Toward the top of the formation the beds grade upward into medium and then into coarse 
sands, which in turn give way to the Herod gravel member of the Manhasset. These upper 
sands are buff in color and in places reach a thickness of 15 to 30 feet. It is possibly in a sandy 
layer of this type that the fossils found 
in the bluffs on the shores of Great -r<ror'TI^^^^--r=:- t«'*'* 






Peconic Bay, 2 miles west of the Shin- 
necock Canal, occurred. (See fig. 117, 

p. 126.) 

Owing to local nondeposition of ^ ,0^ zoo Feet 

the Herod gravel member, or more f,oub. sr.-Section \\ mlles southwest of Montauk Light, a, Banded Montauk 
commonly to erosion by the Montauk llll mrmhrr nf WnnhriTM-t fnnntitloii: ft. nrmrl trnrrl mrmhrr nf thn llrmhrnirrt: 

ice, the Montauk tiU member of the '- ~»«orted cuyey j|jrob «u.d: d d»k cho«toteKX)i^ 

iv/«, vxj.*? .w&vrAAvuun. w*** ^vrua«^<^A vr» w*Av with white sand, possibly representing the Oardlners clay. 

Manhasset formation in places rests 

directly upon the Jacob sand. Generally the bedding of the sand and till is conformable, but in 
a few places the Montauk rests on upturned or folded Jacob beds, which have locaUy been more or 
less eroded. This is brought out in figure 59 (p. 89) and especially in figure 87, which shows the 
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Montauk member resting on the disturbed or eroded Jacob sand. Both the folding and the 
erosion, to judge from the contour of the resulting surface, seem to have been due to ice, pre- 
sumably to the same sheet that later deposited the overlying Montauk till member. The uncon- 
formity due to erosion in many places amounts to many feet and differs from place to place. 
At some points the work of the Montauk ice sheet was wholly erosional, there being no deposi- 
tion of drift; and at such places the overlying Hempstead gravel member of the Manhasset may 
rest directly upon the Jacob sand. Where the Montauk rests upon the sand considerable 
quantities of the sand have been incorporated in it, giving it a noticeably silty texture, which 
has been a potent cause of the characteristic cementation of the till. As in the Gardiners clay, 
there are all gradations between the undisturbed deposits through reworked Jacob sand into 
silty till. 

BTRXrCTXTRX. 

What has already been said as to the structure of the Gardiners clay applies with equal 
force to the Jacob sand. Though classed as sand, its texture was so fine and it contained so 
much silt that it behaved like clay under the action of the overriding ice, being bent, folded, 
crumpled, and overturned instead of crumbling and disintegrating as the coarser sands and 
gravels conmionly did. Lying stratigraphically higher, and hence nearer the surface, it was 
more subject to disturbance than the Gardiners clay and has been exposed at more places along 
the coast. The Jacob sand, like the clay, is most distiu'bed along the north coast, especially 
near the east end of the island, exhibiting more gentle folds in the southern part. Most of the 
folds trend approximately east and west, although on the sides of the bays the lateral thrust 
has in places, as at Port Washington, produced folds with north-south axes. Details of the 
folding are given in the section on distribution below. 

DISTBIBITTIOV. 
8UBFACE EXPOSURES. 

The distribution of the Jacob sand on Long Island is in general the same as that of the 
Gardiners clay, although from its position above the clay it is more exposed. 

CoUege Point. — ^The most westerly outcrop noted was at the base of the bluff between College 
Point and Tallman Island, where several feet of fine light-gray micaceous sand was exposed in 
1904 near tide level in a nearly horizontal position. 

Port Washington, — The next locality toward the east at which the Jacob sand was seen is 
near Plum Point, on the east side of Manhasset Bay, IJ miles northwest of the town of Port 

Washington. At many points near and at the 
.,.c.w.^g,..^,<.- , .^<T '■- >-t--K>-^^« :;.,^ ^y-«.<7..:v» i. bottom of the immense abandoned gravel pit at 

the base of Plum Point the Jacob sand was f or- 
a -7-^ „> merly to be seen, limiting the depth to which 
gravel and sand (Herod member) could be taken 
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FIOUBE 88.— Sectkm north of Weeks Point, Hempstead Harbor, a. Wis- OUt. ThC'CXpOSUreS in this pit at the time of the 
con^; 6 Montauk till member of Manhasset formation; c, contorted writer's visits, in 1903 and 1904, did not admit of 

Jacob sand* . . . • 

a determmation of the structure of the forma- 
tion, but in a similar pit near the shore about a quarter of a mile southeast a fine pinnacle of light- 
gray, highly contorted clayey sand was seen. 

Hempstead Harbor, — ^The Jacob sand is exposed at many points on the east side of Hemp- 
stead Harbor. A little north of Weeks Point, about 1 i miles northwest of Glen Cove, a sharp 
fold of Jacob sand rising 20 feet above the beach and having a breadth of about 40 feet was seen 
(fig. 88) . Between Red Spring Point and Glen Cove Landing the sand was observed at several 
places, and still farther south, near Glenwood Landing, a pinnacle of light-gray Jacob sand 
rising about 10 feet above the floor of a large gravel pit (Herod gravel member) was seen. 

Oyster Bay. — The Jacob sand was exposed in 1904 at the top of the bluflF at Rocky Point, 
2 miles north of the town of Oyster Bay. The bed was very thin and in places had been entirely 
removed by the Montauk ice (fig. 65, p. 96) . An exposure of Jacob materials is also reported 
at the extreme southwest point of Center Island, and the sand of the same formation was again 
seen in the beach below high-tide level near the west end of Coopers Bluff, northeast of the town. 
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FxoTJBK 89.~Section a quarter of 
a mile west of Hallork Land- 
ing, a, Herod gravel member 
of Manhasset formation (struc- 
ture not shown); 6, contorted 
gray clayey sands( Jacob sand) . 
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FiointK 90.— Section near Woodvllle Landing, a, Upturned aand and gravel ( Herod 
gravel member of Manhasaet formation); b, contorted and folded Jacob sand; 

c,tm. 





FiGURB 91.— Section at landing west of 
Jacob Point, a, Banded clayey tUl 
(Montauk till member of Hanhaaset 
formation); b, pink till, gray ctay, 
and sand (Jacob aand). 

both folding and faulting. 
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Lloyd and Eaton necks, — On Lloyd and Eaton necks the Jacob sand appears to be either below 
sea level or to have been removed by ice erosion (Montauk) , the drift of this sheet generally 

resting directly 
upon the Cretar- 
ceous. 

Norihport to 
Port Jefferson. — 
Throughout the 
stretch of nearly 
15 miles east 
from Northport 
the Jacob sand 
appears to lie 
below sea level. 
At the only place 

where the lower beds are seen, which is on the coast 3 miles northeast of 
Northport and about a mile north of the village of Fort Salonga, the Jacob and associated beds 
appeared to be absent, the Montauk till member 
resting immediately upon the Cretaceous clays. 

Port Jefferson to 
Wading River. — ^Be- 
yond Miller Place expo- 
sures are fairly com- 
mon. The first good 
outcrop seen was a 
quarter of a mile west 
of HallockLanding(fig. 
89), where the clayey 
sands are upturned at 
a high angle because of 

Two miles farther (about half a mile east of Woodville Landing) highly 

disturbed sands of the Jacob type are again seen (fig. 90) . 
Wading River to Orient Point. — For the next 10 
miles the Jacob sand is not exposed, being below sea 
level along the bluffs. It first reappears in upturned 
and contorted masses a little east of Roanoke Landing, 
north of Onterville (fig. 71, p. 98). Two miles east, at 
the landing west of Jacob Point, the Jacob sand is 
nearly on end in a small ravine (fig. 91) and at several 
points along the 
beach for three- 
fourths of a mile 
or more, beyond 

which it again >frc|fl!«_ 

sinks below sea 
level. It was 
next seen 2} 
miles farther 
east, in the bluff 
at Jacob Hill, 
where great pin- 
nacles composed 

of Gardiners clay and Jacob sand stand out from the bluff (fig. 92). Still better expo- 
sures, however, were foimd a quarter of a mile farther on, where some 60 feet or more of 



FiouBK 02.— Section near Jacob HIU. a, Tffl; b, Herod gravel 
member of Manhawet formation; e, upturned and contorted 
pinkish to buff clayey Jacob sand; <f, former extension of bluff. 
Relations to sand not shown. 
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FiouBE 93.— Section at Jacob Hill, a, Dune sand; 6, band- 
ed Montauk till member of Manhasset formation; c, 
brown clayey Jacob sand; d, buff clayey Jacob sand 
(poorly exposed). 



FioinuE 94.— Section at Brown HfUs, near Orient, a. Gray 
to buff sands (rplations to clay not clear, but proba- 
bly the same as in fig. 97); ft, dark clay (Jacob sand); 
e, yellowish upthrust sands (Herod gravel member of 
Manhasset formation). 
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FiouKE 96.~fiectlon at Brown Hills, near Orient, a, Dune 
sand; ft, Wisconsin till; c, sand and gravel (Herod gravel 
member of Manhasset formation); <f , very fine disturbed 
clayey sands (Jacob sand) standing out in detached 
Relations probably the same as in figure 07. 




brown and buflF clayey sand or sandy clay of the Jacob type is exposed (fig. 93) . In the 20 miles 
or more of coast between this locality and Orient Point the Jacob sand is exposed at only one 
place — ^in the bluffs of Brown Hills, northeast of Orient village. 
Here the exposures are much the same as at the point last 

described, the sands be- 
ing highly disturbed, 
folded, and contorted. 
Something of the present 
character of the outcrops 
and the unconformable 
relation of the overlying 
sand is shown in figures 
94, 95, 96, and 97. 

Robins and Shelter 
islands. — South of the 
North Fluke the Jacob sand is well exposed on Robins Island, where it occurs on the west 
side, about 500 yards south of the north end of the cliffs, both in broad open folds and in 

highly upturned masses, like those shown in figure 
74 (p. 99). Fossils occur in the bed shown in figure 
98. The Jacob sand appears to be penetrated by 
wells on Shelter Island but is not clearly developed 
above sea level. 



(J 30 Feet 

Fioints 96.— Section at Brown Hills, near 
Orient, a, TUl (Montauk till member of 
ICanhasset formation); ft^gray clayey sands. 
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FtoVBS 97.— Section at Brown Hills, near Orient a, TUl; 6, 
Herod gravel member of Manhasset formation; e, disturbed 
clayey Jacob sand. 



FiouRK 98.— Section on west side of Robins Island, a. Till; b, 
folded buff sand (Herod gravel member of lianhasset forma- 
tion); e, thin lajrer of cemented gravel; d, gmy clayey Jacob 
sand, with fossils at e. 



Gardiners Island. — On Gardiners Island the Jacob sand is abundant, occurring in many 
places and reaching thicknesses of 20, 30, and perhaps 50 feet. Evidence of local and temporary 

returns to conditions favoring the deposition of clay 
is afforded by thin clays alternating with beds of Jacob 
sand. 

The Jacob formation, consisting of alternating 
clay and fine sand, was seen above the red clay at the 
fossil locality east of Cherry Hill Point (fig. 77, p. 100). 
Half a mile north of the point the Jacob in the form 




FIOURB 99.— Section half a mile north of Cherry Hill Point, 
Gardiners Island, a, Herod gravel member of Manhasset 
formation; 6, fine gray ripple-marked Jacob sand. 






of finely stratified gray sand with ripples (a common phase on 
Gardiners Island) was seen in nearly horizontal beds (fig. 99). 
Near the north end of the cliffs on the northeast shore it is 



involved in both 

open (fig. 100) 

and overturned 

folds (fig. 78, p. 

100). A quarter 

of a mile southeast it is again seen in overturned 

folds (fig. 101 a, &), and 350 paces farther in the 
same direction it is involved in the highly contorted mass shown in figure 79 (p. 100) 
and Plate XVIII, A, the bedding being practically vertical. Other exposures are shown in 
figures 129 and 130 (p. ). The Jacob sand continues in constant association with the 



FIOTTES 101.— SectkAs half a mile east of west end of bluffs on north- 
east coast of Gardiners Island, showing fine grey folded Jacob 
sand overlain by tilL 



FiouRE 100.— Section near west end of bhitfs on 
northeast shore of Gardiners Island, a, Red 
Gardiners clay; 6, gray clayey Jacob sand. 
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GardineiB clay in the 1,350-foot section represented in figure 80 {p. 100), near the end of 
the bluffs toward Eastern Plain Point. The details of ooe of the overturned and recum- 
bent folds in this section are shown in Plate XVIII, B. The Jacob sand occurs here and 
thero in the bluffs bordering Tobacco Lot Bay, but the beds are so contorted, faulted, and 
otherwise broken up that they 
form a confused 
I jumble, the rela- 
iT tions of which it 
^ would take weeks 

I to work out in de- o looFeet 

I tail. Fossils occur 
in the Jacob at one 
point. 

SotUh Fluke.— -Th& Jacob sand is commonly absent on the South Fluke, 
owing to erosion by the Montauk ice. It occurs, however, at several points on 
Montauk peninsula. A mile west of Rocky Point, on Napeague Bay, contorted 
sand, possibly the Jacob, is present near the top of the bluff (fig. 126, p. 128). 
Half a mile west of False Point, northwest of Montauk Light, sands and gravels 
are seen between the Gardiners cl&y and the Montauk till member of the 
Manhasset 
formation, 
probably 
representing 
the com- 
bined Jacob 
sand and 
Herod gravel 

member of the Manhasset (hg. 76, p. 99) . Two miles east of Ditch Plain life saving 
station beds of fine sand interlaminated with chocolate-colored clay are seen rest- 
ing on a series of greenish-gray sands and fine yellowish gravels, the whole being 
much eroded and overlain in turn by the Montauk till member {fig. 59, p. 89). 
This might be either an overturned and recumbent fold of Jacob sand upon the 
Herod gravel member or a sandy phase of the Gardiners clay resting on Jameco 
gravel. The former is r^arded as the more probable, A mile and a half south- 
west of Montatik Light there is some highly disturbed and folded Jacob sand 
having the relations shown in figure 87 (p. 107), 

Plum Island. — The Jacob sand is seen below the Herod gravel member in 
a broad, 
low anti- 
cline half 
a mile 

fl west of 
I the Plum 

1 Island 
^ landing 
§ (fig. 102) 
s and at in- 

2 tervals from this point to the lighthouse. It is everywhere disturbed, the bed- 
ding standing in places at an angle of 50°, and it probably occurs in a succession 

of folds similar to that illustrated. On the south of the bland it is seen involved in broad, low 
folds from the west end of the bluffs to Fort Terry (fig. 103), About half a mile east of the fort 
it appears to be involved in several overturned and recumbent folds, having the relations shown 
in figures 104 and 105. 
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Fishers Island, — The best exposures of the Jacob sand on Fishers Island are to be seen in 
the day pit and in the sections at Isabella Beach. In the pit (fig. 84; p. 101) there is 40 feet of 
brownish sandy clay interlaminated with sands and overlying the darker and more plastic 
Crardiners clay into which it. grades. At one of the Isabella Beach localities the Jacob sand 
is represented by 15 feet of fine gray clayey sand (fig. 86, p. 102). At the other about 35 feet 
^, _ _ _ of the Jacob appears with the top unexposed (fig. 106); the 

* *' ' Vif •" ■ \ lower 15 feet is of the usual gray-green clayey-sand type, but the 

^^$S. upper 20 feet approaches a gray sandy day in character. In 

^^''W^\ an artificial cut near the steamboat wharf on the west side of West 

c'//.-^ Harbor a considerable amount of grayish clayey sand of the 

^^v^ Jacob type is exposed, as shown in figure 173 (p. 147) . The rda- 

tions shown in the right-hand half of the figure, particularly the 
.^^..^ upturning and unconformity, are especially characteristic of the 
-^- — - — ' conditions at the Jacob stage in Long Island and farther east; 
^ ^ ,«- «i - ^ . , ^ « « w but nowhere dse, save at Sankaty Head, Nantucket, has a gravel 

Fiouu 106.— Bluff section at laabeUa Beach, . i_jjj.iv j r . ii^ 

Fiahen Island, a, Wisconsin till; h, gray been SCCU mtcr bedded With the Sauds, aS shown m the left- 
day belonging to Jacob sand; c gray sand ^aud part of the figure. There is also somewhat less of the old 

n ftkwigti^g to Jfiffin sand ♦ a^ gTBy Cl ay r wlnnj r- • . 

ing to Jacob sand; «, gray sand belonging to look characteristic of most CXpOSUrcS of the drift of this stage, 

Jacob sand; /, chocoiatoH»ioied and gray but this may be duc to the freshuess of the artificial exposure. 

day (Gardiners clay). ^_ "^ _ _ i • i 

The topography, moreover, has a distmctly pre- Wisconsin 
aspect, and the overlying till resembles the Montauk member rather than the Wisconsin. For 
these reasons it seems probable that the dayey sands are to be referred to the Jacob sand. 

Along the base of the bluff on the south side of the high hiU south of West Harbor a thick- 
ness of 10 feet of pinkish and brown sandy clay alternating with laminae of sand is exposed in a 
low antidine about 100 feet across and a few feet high. This bdongs without doubt to the 
Jacob sand. 

DBPOSrrS PENETRATED BY WELLS. 

Because of the extreme fineness of the sand and the admixture of more or less clay it is very 
difiicult to differentiate the Jacob sand from the Gardiners clay in drilled or driven wells, or 
those sunk by the jet process, and although surface exposures prove that the formation is 
fairly persistent throughout the whole of Long Island, it appears to have been recognized as a 
distinct bed in only a few wells. In most of the well records it is doubtless induded in the 
Gardiners day. Some of the records, with correlations of the writer, are given below. 

Probably the best record is that of a well near Hewlett Point, at the west side of the entrance 
to Manhasset Bay. 

B58. Record of O. B. Wil»on*8 toell, near Hewlett Point. 

Recent: Feet. 

Dug well (fresh water, slightly hard) 0-14 

Beach sand 14-20 

Montauk till member of Manhasset formation: 

Light-colored clay with stone 20-30 

Quicksand 30-32 

Stony clay 32-36 

Herod gravel member of Manhasset formation: Coarse gray sand containing salt water at 46 

feet and brackish water at 59 feet 36-59 

Jacob sand: 

Alternate layers of sand and clay 59-63 

Yellowish sand 63-65 

Gardiners clay: Blue clay 65- 

Jameco gravel: 

Fine yellow and grayish sand -103 

Hardpan 103-105 

Yellow gravel with fresh water 105-108 
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The record of a weU on the Dodge estate, near Port Washington, is of interest as showing the 
tendency to identify the Jacob as a day. There is little reason to doubt that the dry yellow 
day of the record represents the Jacob sand, for the Gardiners clay, so far as known, is nowhere 
yellow, whereas the Jacob sand is in many places buff or iron stained. 

S66. Record of well of Dodge estate ^ near Port Waahxngton. 

Feet. 
WiBconain: Yellow etony loam 0-6 

Hempfltead gravel member of Manhaaset formation : Fine dry sand 6-16 

Montauk till member of Manhaaset formation: Rough stratum of cobbles with scarcely any 

sand between 16-22 

Herod gravel member of Manhaaset formation: 

White building sand; very compact 22-40 

White loose dry sand 40-50 

Jacob sand : Yellow dry clay 60-71 

Gardiners clay: Blue clay, containing some water 71-91 

The record of a well on West Neck also suggests the Jacob: 

629. Record of Mrs. M. H. CloU'awell, West Neck. 

Feet. 
Wisconsin: Surface loam 0-10 

Montauk till member of Manhaaset formation: Haidpan with gravel 10-25 

Herod gravel member of Manhaaset formation and Jacob sand : Fine brown sand ; a little clay. . 25-^ 

Gardiners clay: Blue clay : 85-93 

Jameco(?) gravel: Brown gravelly sand; water bearing 93-07 

AQB. 

• 

The Jacob sand is a transitional deposit between the Gardiners clay (here considered as 
representing the Yarmouth interglacial stage) and the Herod gravel member of the Manhasset 
formation (considered as representing a part of the Illinoian glacial stage), but is regarded as 
belonging to the Illinoian stage. There is reason to believe that the change in deposition, as 
was pointed out in the discussion of the source of material (p. 107), was caused by the advent 
of glacial silts brought down from the north during the advance of the Montauk ice, but long 
before it invaded the region under discussion. The character of its fossils seems to indicate 
that the climate at the time of its deposition did not materially differ from that existing during 
the accumulation of the Gardiners clay. 

The best locality for fossils is near the south end of the cliffs on the east side of Grardiners 
Island and south of the point at the south end of Tobacco Lot Bay. Fossils from a 4-foot bed 
of sand and fine gravel (Jacob) at this point were described as early as 1867 by Sanderson 
Smith,* who gave a list of 25 species, all of which except one or two inhabit the waters south of 
Cape Cod at the present time. The shells, however, had a more northern aspect than those of 
the species now inhabiting these waters. The species are as follows: 

Small coral. Area transverea Say. 

Tomatella punctostriata Adams. Area pexata Say? 

Bulla canaliculata Gould. Ostrea borealis Lam. 

Fusus decemcostatufl Say. Pec ten islandicus Chemn. 

Purpura lapillus Lam. Pecten magellanicus Jjajn. 

Naasa trivittata Say. Cardita borealia Conrad. 

Nassa vibex Say. Astarte sulcata Fleming. 

Columbella lunata Sowerby. Lucina radula Gould? 

Chemnitzia interrupta Stimpson. Venus mercenaria Linn. 

Crepidula unguiformis Lam. Mactra lateralee Say. 

Crepidula fomicata Lam. Mya arenaria Linn. 

Natica duplicata Say. Balanus fragment. 
Natica heros or triseriata? 



I Annals New York Lyceum Nat. Hist., vol. 8, 1867, pp. 14»-151. 
1629"— 14 ^9 
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A coUectioii made by Veatch from sandy clays and sands at the same point and examined 
by Dall afforded the following species: 

Cfarypodomus pygmanu Gould. Astarte elliptica Brown. 

Ch i>pudom ua decemcostatOB Say. Thnicia conndi Couihuoy. 

NaUka (Lunalia; heros Say. Cyprina ialandica Gmelin. 
Pecten mageUaniciui Gmelin. 

Foflsil fragments have also been found in the Jacob sand on Robins Island. (See fig. 
98, p. 110.) 

The views of Sanderson Smith as to the northern aspect of the forms were corroborated 
by Dall, who says: ''The material appears to be practically identical from both localities [on 
Oardiners Island] and to represent the fauna now existing in the Gulf of Maine or on the coast 
north of Cape Cod, a little colder water being indicated than is now found south of the cape." 

The extensive fauna from the same horizon at Sankaty Head, Nantucket, likewise points 
to temperatures no colder than those of northern New England.^ As the accumulation of ice 
for the next invasion had b^un, however, the beds must be classed with the Illinoian rather 
than with the Yarmouth stage. 

MANHASSET FORMATION. 



Although the body of the deposits succeeding the Jacob sand may be subdivided into three 
distinct units, there are places, even in the best of cliff exposures, where the middle division is 
absent and the upper and lower beds, consisting of gravels of similar characteristics, unite to 
form a single imit. The combined beds give rise to the broad plateau stretching between the 
northern moraine and the north coast and projecting through the outwash plain here and there 
south of the outer moraine. Because the middle bed is locally absent, and because the deposits 
constitute a topographic unit and in the absence of diff and other sections it is in places diffi- 
cult to recognize the component members, it is necessary for their proper discussion to have a 
general term for the deposits as a whole. The term Manhasset is here used as a collective name 
for the beds referred to, being taken from Manhasset Neck, along the shores of which, in the 
immense gravel pits on the Hempstead Harbor side, are to be seen exposures of these beds more 
than 100 feet in height. The name was first applied by J. B. Woodworth,' who described and 
mapped in detail the deposits in a part of the west end of the island. 

Veatch, in his report on water resources, substituted the term Tisbury for Manhasset, on 
the supposition that the beds were the equivalent of Woodworth's Tisbury beds of Marthas 
Vineyard,' which consist of stratified clays and clayey sands with some bowlders suggesting till 
outcropping along the north shore. The horizontality of these beds on Marthas Vineyard is 
emphasized by Woodworth, who says: "Their marked horizontality is strongly contrasted with 
the dislocated attitude of the beds in the outcrops of the older folded series which appear at in- 
tervals along the shore." Horizontality was in fact, according to information furnished to the 
writer by Prof. Woodworth, the principal criterion of recognition. Inasmuch as the beds of the 
lower part of the Manhasset formation on Long Island, as well as the corresponding beds on 
Marthas Vineyard (included by Woodworth in his Sankaty), are strongly folded (see PI. XIX, 
A)f it Ls evident that the term Tisbury as originally used was intended to cover only the undis- 
turbed beds laid down subsequent to the epoch of folding due to the Montauk ice. In other 
words, it was probably used for the beds here described as the Hempstead gravel member of 
the Manhasset formation, although this correlation is only approximate. For these reasons it 
seems best to adopt the term (Manhasset) originally applied to the beds on Long Island rather 
than use the Marthas Vineyard term in a way apparently not intended by the geologist who pro- 
posed it. The relations of the Marthas Vineyard and Long Island terms are approximately as 
follows: 

1 Deaor, E., and Cabot, £. C, Quart. Jour. Oeol. Soc. London, vol. 5, 1849, pp. 340^344. Verrill, A. E., Am. Jour. Sd., 3d aer., vol. 10, 1^5, 
pp. 364-376. Cushman, J. A., Am. Geologist, vol. 34, 1904, pp. lOft-109. 
* Bull. New York State Mua. Nat. Hist. No. 48, 1901, map. 
s Seyenteenth Ann. Kept. U. 8. Oeol. Survey, pt. 1, 1896, p. 977. 
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Long Island (this report). 


Ifarthas Vineyard (Woodworth's 
section). 




Hempstead gravel member. 


Tisbury beds. 
(T) 


Montauk till member. 


Oay Head. 


Herod gravel member. 


* 
Sankaty beds. 


Jacob sand. 


Gardiners clay. 


Not exposed. 



8XJBDXVZSZOV8. 

The Manhasset formation may be described as a series of glacial sands and gravels, 150 to 
250 feet thick, having a middle member in which the sands and gravels are locally replaced by 
till. Where the middle member is well developed it is represented by a bed of till 40 to 60 feet 
or iliore thick, the overlying and imderlying beds being reduced to thicknesses of 50 to 75 feet 
each. The central till is not everywhere well developed, however, being in places, as in the 
gravel pits on the west side of Hempstead Harbor, reduced to a bowlder bed only a few feet 
thick. In a few places it disappears entirely, grading laterally into coarse stratified gravels, 
and in such places the entire formation consists of sands and gravels, marked, however, by 
slightly coarser materials at the till horizon. 

Although the till is locally absent, it is on the whole a persistent and easily recognized 
member throughout Long Island and in fact along the New England coast as far north as 
Maine, separating the two gravels into a lower bed here caQed Herod gravel member and an 
upper bed for which the name Hempstead gravel member is here introduced. The till itself 
is here caUed the Montauk till member. 

OSHX&AL DZBTRIBXmOV. 

The character, relations, and distribution of the three subdivisions of the Manhasset forma- 
tion are considered in detail imder their separate heads, only the distribution of the formation 
as a whole being here discussed. 

The Manhasset formation constitutes by far the larger part of the beds found above sea level 
on Long Island, forming most of the drift hills at the west end of the island and the plateau 
that borders the north shore from East River to Port Jefferson and extends southward beneath 
the moraines toward the south shore, along which it rises above the outwash plains at numer- 
ous points. East of Port Jefferson the Manhasset forms the base on which the moraines rest, 
as well as the plateaus of Robins, Shelter, Plum, Fishers, and Gardiners islands and of the South 
Fluke. 

OCCURRENCE NORTH OF THE HARBOR HILL MORAINE. 

Western Long Island. — West of Little Neck Bay, which lies just east of Flushing, the 
Manhasset formation is not seen in any considerable amount, what there is of it being buried 
beneath the general till sheet, the Wisconsin moraines, and the later Wisconsin stratified gravels. 
These deposits have so obscured the Manhasset topography that the plateau character, which 
is very pronounced farther east, is not conspicuous. 

Great and Manhasset necks, North Hempstead. — On Great Neck, east of Little Neck Bay, 
the plateau character is notably pronounced, large stretches of nearly level flats standing 
between 100 and 120 feet above sea level from the railroad northward (PI. IV, p. 30). Man- 
hasset Neck shows the plateau character still better, the upper surface being here about 180 
feet above feea level from the moraine northward to a point beyond Port Washington village, 
where it slopes rather abruptly down to the 100-foot level, at which there is another extensive 
plateau stretching toward Prospect Point. 
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Hempstead Harbor to Oyster Bay. — ^The Manhasset formation is best developed in the 
region between Hempstead Harbor and Oyster Bay, where it fonns a belt nearly 7 miles wide 
between Harbor Hill moraine and the coast. The surface seems to have a normal elevation of 
180 to 200 feet, although rising somewhat higher near the moraine. South of Glenwood Land- 
ing, on Hempstead Harbor, is a local terrace of gravel at the 100-foot elevation, separated as 
usual by a fairly abrupt slope from the higher Manhasset level (PL IV). The equivalent of this 
terrace is traceable around the coast from the vicinity of Red Spring Point to Oyster Bay 
(figs. 7 and 8, pp. 30 and 31). 

Oyster Bay to MiUer Place, — From Oyster Bay to Northport the continuity of the Manhasset 
formation is broken by numerous bays and harbors and by deep pre- Wisconsin stream valleys, 
and the differentiation of the high and low deposits is more difficult, the one class grading 
almost insensibly into the other. Lloyd, West, and Eaton necks, however, belong in the main 
to the lower or 100-foot terrace, and Great and Little necks and the deposits stretching south- 
ward to the moraine belong to the 160 to 200 foot level. East of Northport to the point where 
the Manhasset disappears beneath the moraine near Miller Place, a strip a mile or two in width 
along the shore belongs to the 100-foot level, and the rest, extending back to the moraine, 
belongs to the higher Manhasset. 

OCCURRENCE BETWEEN THE HARBOR HILL AND RONKONKOMA MORAINES. 

Roslyn region. — Between the Harbor Hill moraine at Roslyn and the Ronkonkoma moraine 
south of Albertson station is a stretch of country of puzzling contour. On the map it appears 
as a fairly level plain suggesting an outwash accumulation, but on the ground there are many 
irregularities. Here and there over the plain hills and ridges rise 10 to 15 feet or more above 
the general level, their tops generally being flat and standing at accordant levels. Such a 
topography might arise from deposition around ice blocks or might represent projecting masses 
of the Manhasset formation, but in the absence of adequate sections it is impossible to determine 
which origin is more probable. In favor of the second suggestion, however, it may be said 
that the Manhasset undoubtedly extends beneath the moraines and is likely to come to the 
surface at almost any point. The altitude of the flat-topped elevations is accordant with that 
of the Manhasset level north of the moraine. 

Huntington region. — In the region south of Huntington station (Fairground on the map) 
are many well-developed kettle valleys, the result of the melting of ice masses lying in the 
valleys of an older and now buried topography. The Manhasset formation, although not 
exposed, can not be far beneath the surface. 

Smithtown region. — A glance at the topographic map (PI. II, in pocket) shows the well- 
developed branching drainage system of Nissequogue River. An esker three-fourths of a 
mile northeast of Smithtown extending to the bottom of the present valley indicates the Vine- 
yard age of the erosion features, and an examination of the materials exposed in the several 
valleys shows nothing but deposits of the Manhasset type. It seems clear that at this particular 
point practically all the deposits between the moraines are Manhasset. 

Port Jefferson region. — In going southward from Port Jefferson station one passes over an 
exceedingly flat plain of outwash from Wisconsin ice, which continues with hardly a percepti- 
ble irregularity for 2 miles or more. At this distance, however, irregularities begin to appear. 
Kettle depressions pit the surface and low swells rise above it, as near Terryville. A little 
farther on the depressions take the form of broad, shallow, well-defined yet streamless valleys 
with branches on either side, the intervening ridges constituting the elevations. In fact, the 
topography has undei^one a change from one due to deposition to one due largely to erosion. 
The valleys lead southward toward the sea but are cut off by the southern moraine, which rises 
above the plains, completely blocking the channels. The erosion is clearly assignable to the 
Vineyard interval and there is every reason to regard the deposits as Manhasset. 
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Rocky Point rw^on. — In the region east of Port Jefferson conditions seem to be similar to 
thode in the vicinity of Huntington. Just south of Rocky Point village are unusually good 
examples of branching kettles resulting from the melting of ice masses in the valleys of the 
underlying Manhasset surface. Plate XX shows one of these kettles as representcKl on the 
topographic map. A mile or two farther south the valleys, like those south of Port Jefferson, 
are evidently cut in the Manhasset formation. 

Wading River region. — The conditions in the vicinity of Wading River are much the same 
as at Rocky Point village, except that the branching kettles and surface valleys in the Man- 
hasset are still more conspicuous. Although the Manhasset controls the topography every- 
where except within a short distance of the moraine, there is nevertheless here as elsewhere 
more or less Wisconsin drift, which locally complicates and even obliterates the Manhasset 
surface. 

Middle Island region. — On the geologic map (PL I, in pocket) a considerable region, 
extending from Coram on the west to the headwaters of Peconic River on the east and from 
the vicinity of Long Pond on the north to the Ronkonkoma moraine on the south, is represented 
as till. Throughout this region the topography is characteristic of erosion. Several deep and 
fairly sharp valleys with branching and rebranching tributaries, all manifestly cut in a pre- 
Wisconsin surface, lead southward toward the sea. Plate XX shows what is probably the best 
example of a kettle valley on Long Island, the depression being nearly 4 miles in total length 
and having not less tiban five major branches (one of these rebranching) as well as many minor 
ones not shown on tlie map. Though mantled with a thin coating of later drift, the body of 
the deposit of this region belongs to the Manhasset formation. 

Fresh Pond Landing region, — The- moraine is very weakly developed near Fresh Pond 
Landing, the Manhasset capped by thin outwash stretching inward from the coast. It is cut 
by the northward-leading channel shown in Plate IX, B (p. 42), the continuation of which can be 
traced several miles toward the south by depression channels and kettles. 

Riverhead region. — The region between Riverhead and the moraine on the north seentis to 
consist mainly of the Manhasset formation, which was deeply dissected by stream erosion and 
later covered by a thin mantle of outwash along the moraine and by thinner and more irregular 
outwash deposits elsewhere. The old drainage topography is marked by the original channels, 
by kettle valleys, or by chains of isolated kettles. The region between Riverhead and Baiting 
Hollow probably affords the best illustration on the island of the last-named feature (PI. IX, (7). 
Some of the old valleys are almost as well and as definitely marked by the succession of kettles 
as if the channels were continuous. 

MattitucJc region. — The r^ion about Mattituck presents another example of deeply dis- 
sected Manhasset deposits overlain by a superficial coating of late drift. This feature is best 
brought out by Mattituck Inlet (PL XI, (7, p. 52), which represents an almost unaltered drainage 
system of the Manhasset. This channel originally led southward, but is now obstructed by 
Wisconsin drift and forced to empty northward into Long Island Sound through what was 
originally one of its headwater channels. 

North shore from Mattituck Irdet to Orient Point. — Essentially the same conditions as at the 
localities farther west exist east of Mattituck Inlet. The Manhasset, here as elsewhere char- 
acterized by Vineyard erosion valleys, constitutes the main part of the deposits, the outwash 
from the Wisconsin ice being weakly developed and confined mainly to the vicinity of the 
moraine. 

Peninsvlas of the North Fluke and Shelter Island. — South of the line along which the Man- 
hasset of the North Fluke proper and its mantle of outwash sinks beneath the sea lie a series 
of islands and peninsulas, the latter almost disconnected from the mainland, which rise abruptly 
from sea level to heights of 60 to 160 feet. From west to east these are Robins Island, Nassau 
Point, Great Hog Neck, and Shelter Island, the whole forming a belt exactly parallel with the 
North Fluke. Each of the peninsulas shows clear evidence of pre- Wisconsin erosion and equally 
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dear evidence of, in the main, post-Gardiners deposition, and although the depoaits are not a 
unit with those underlying the North Fluke proper, they must be considered as belonging to 
the same general series — the Manhasset formation. 

Peninsulas of the South Fluke. — Stretching northward from the axis of the South Fluke, 
well north of the outer moraine, arc a number of peninsulas similar to the peninsulas and islands 
associated with the North Fluke and likewise falling into a well-marked east-west alignment. 
Their exposures show them to be composed of Manhasset material, except for the Gardiners 
clay near sea level. Unlike the peninsulas of the North Fluke, however, they do not seem to 
belong to a series distinct from that of the fluke proper, but rather to represent renmants of a 
plateau or terrace similar to the north-shore ])lateau west of Port Jefferson. 

OCCURRENCE SOUTH OF THE RONKONKOMA MORAINE. 

Hempstead region. — East of Jamaica and continuing across the town of Hempstead to the 
Oyster Bay line, the broad ))lains that stretch southward from the Ronkonkoma moraine, 
although in their broader aspects having the appearance of outwash deposits from Wisconsin 
ice, present many minor features suggesting that an older topography may project here and there 
through the superficial mantle of outwash. Except at Rockaway Ridge, however, the topog- 
raphy is not sufficiently <lefinite nor the exposures of the older beds sufficiently clear to identify 
them with certainty, but there is little doubt that the Manhasset constitutes the greater bulk 
of the deposits beneath the Wisconsin gravels that form the surface of the outwash plain. The 
development of the Manhasset deposits immediately north of the moraine and their observed 
occurrence beneath the northernmost of the morainal ridges would make it almost certain, 
even if there was no other evidence, that the Manhasset formation extends southward beyond 
the moraines in strongly developed form. 

Rockaway Ridge (see PI. II, in pocket) affords a good example of the extramorainal Man- 
hasset material, standing many feet above the siurounding outwash plains from the Wisconsin 
ice and exhibiting an erosion surface evidently antedating the deposition of the surrounding 
gravels. The character and relations of these deposits are considered in more detail on page 127. 

Bethpa^e region and Half Hollow HiVs. — Two well-developed terraces of gravels of the 
Manhasset tyi)e occur just south of the West or Mannetto Hills (PI. Ill, p. 28), and a single but 
higher and more extensive terrace is present in the Half Hollow Hills. These terraces are cor- 
related with the Manhasset formation. 

Wyandanch to Central Islip. — From Wyandanch, near the south end of the Half Hollow 
HiUs, eastward along the railroad to Brentwood there is very little evidence by which to differ- 
entiate the Manhasset from the outwash, but from Brentwood to Central Islip station features 
suggesting an older surface are more numerous, making it clear that the Manhasset is at or near 
the surface and Ls beginning to exert a decided influence upon the topography. 

Central hlip to Yaphanlc. — The Manhasset becomes an important factor in the topography 
immediately east of Central Islip but is soon interrupted by the broad outwash channel leading 
south from the Smithtown region north of the outer (Ronkonkoma) moraine. Near Ronkon- 
koma its control of the topography again becomes apparent, and similar conditions continue 
eastward to the second great valley at Yai)hank. Along the base of the moraine and stretching 
southward to the railroad the Manhasset is recognized by irregularities in the shape of elevations 
rising above the outwash or by dendritic drainage channels, now streamless, quite different from 
the channels of the outwash proper. Throughout this stretch, also, the Manhasset is an impor- 
tant factor of the topography, especially near the coast, the outwash, except near the moraine, 
hav'mg only a subordinate influence. However, the relief of the old surface was so slight, the 
materials are so similar in composition, and the general slope Ls so near that of the Wisconsin 
deposits that, although it Ls i)ossiblc to say that two surfaces of widely different ages are present, 
it Ls impracticable to differentiate between them with sufficient accuracy for mapping. 

Yaphank to Shinnecock Canal. — Conditions similar to those just described exist in the 
region between Yaphank and Shinnecock Canal, the Manhasset apparently being even better 
represented. Along the coast, and especially on the i)eninsulas, much of the topography is 
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clearly of a type characteristic of erosion rather than of deposition and belongs to the Manhasset 
rather than to the Wisconsin outwash. The necks southwest of the canal and southwest of 
Moriches are examples of accumulations that are apparently almost entirely of Manhasset age. 

Bridgehampton region. — Eastward from Shinnecock Bay to Mecox Bay the Manhasset is 
not definitely recognized, although indications are not entirely lacking that the deposits are in 
places near the surface. Between Mecox Bay and Bridgehampton the Manhasset again con- 
trols the topography, although locally covered with a considerable thickness of outwash which 
has entirely obscured the older drainage. In several places, however, the older drainage lines 
are now indicated by kettle channels or chains similar to those occurring at many points between 
the moraines near Huntington, Rocky Point, Middle Island, Wading River, Riverhead, and 
elsewhere. One of these channels is shown in Plate IX, J. (p. 42). 

Amagansett region, — East of Bridgehampton the Manhasset is again absent from the surface 
as far as Easthampton, but from Easthampton eastward through Amagansett as far as Promised 
Land it shows at many points. The topography m this region is very irregular, ahnost no out- 
wash being present. This is well brought out by Plate XXI, 5, in which the extramorainal 
topography is in notable contrast to the more purely outwash topography shown in A of the 
same plate. 

DEPOSITS PENETRATED BY WELLS. 

The Manhasset is encountered in probably more than three-fourths of the wells on Long 
Island and is clearly represented in a large number of well records. In many records it is even 
possible to recognize the three subdivisions, as brought out in the tables and records given in 
the separate discussions of the Herod, Montauk, and Hempstead members. Data regarding a 
number of additional weUs, in which the subdivisions have not been differentiated, are given in 
the following table: 

Undifferentiated Manhasset formation in the wells of Long Island. 



No.« 



35 

38 

135 

187 
188 
101 
198 
105 
199 
201 

ao2 

203 
204 
205 
206 

212 
241 
285 
287 
291 
205 
374 



Locality. 



Brooklyn. 
Do... 



East New York. 



Far Rockaway. 

Do 

Do 

Threomile Mill. 

Aqueduct 

Jamaica South. 

Do 

Do 

Do 

Springfield 

Do 

Do 

Jamaica 

Whitestonc 

Valley Stream. 

Do 

Springfield 

Do 

Long Beach 



Owner or place. 



Forest Street and Evergreen 
Avenue. 

Bartlett Street and Flushing 
Avenue. 

New Lots Road and Foun- 
tain Avenue. 

James Caffery 

B.L.Carroll 

Queens County Water Co. . . 

T. R. Chapman 

Shetucket pumping station. . 

Oconee pumping station 

Jameco pumping station 

Brooklyn test well No. 1 

Brooklyn test well No. 2 

Brooklyn test well No. 3 

Brooklvn test well No. 4 

Springfield pumphig station. 

BrooUyn test well No. 11 ... j 

Railroad wells 

Brooklyn test well No. 19. . . 

Brooklyn tost well No. 25. . . 

Brookljm tnst well No. 12. . . 

Brooklyn test well No. ID. . . 

Poorhouse 



Depth of 
mat 



spthof 
iteriaL 



Character of materials. 



Feet. 
23-105 

6ft-45 

4-93 

0-42 

0-45 

0-60 

6 0-140 

90-135 

&9-56 

18-86 

54-89 

l»-83 

45-86 

27-72 

20-65 

20-95 

15-60 

18-72 

15-62 

30-98 

40-80 

0-75 



Yellow gravel and sand . 
Sand and gravel 



Yellowish sand, granitic gravel, and thin 
gray clajrs. 

Yellowish gravel 

Fine to coarse sand and gravel 

Light^yellowish sand and gravel 

Sand, quicksand, and clay 

Fine to coarse gray to brownish sand 

Reddish-}'cllow sand 

Yellow to gray sand with pebbles 

Qrav to yellow sand and gravel 

Yellowish to gray sand and gravel 

Fine yellowish sand 

Brownish-yellow and gray sand 

do 

do 

White sand 

Gray to yellowish sands and gravel 

Fine yellowish sand 

Yellow, gray, and reddish sands 

Yellow and gray sands 

Yellow to gray, sometimes clfl>'ey sands. 



Correlation with name used 
in original records. 



Wisconsin and TIsbury. 
Do. 
Do. 

Tisbury. 

Do. 

Do. 
Wisconsin and Tisbury. 
Tisbury. 

Wisconsin and Tisbury. 
Tisbury. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



a Numbers relfer to well records in Prof. Paper U. 8. Gool. Survey No. 44. 



<> In part. 



8PECI.\L FEATURES OP THE DISTRIBUTION OF THE MANHASSET FORMATION. 



The Manhasset formation as a whole displays three belts of more prominent development, 
which may be called the north-shore belt, the Middle Island belt, and the South Fluke belt. 

NorthsTiore belt, — Of the three belts the north-shore belt alone is continuous throughout 
the island, being represented by the broad Manhasset terraces from New York to Port Jeflferson 
and by the bluff deposits from Port Jefferson east to Orient Point. The accumulations are 
thickest at the Sound shore and become rapidly thinner toward the south, being at a distinctly- 
lower level south of the Harbor Hill moraine. The slope is well shown in the region east of 
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Wading River (fig. 107), where the outwash is relatively thin, the Manhasset surface declining 
from an altitude of ahout 120 feet along the coast nearly to sea level along Peconic River, which 
appears to occupy a fosse between the plain and the northern face of the Middle Island belt of 

the Manhasset. Just east 

of Riverhead the beds slope 

from an elevation of about 

80 feet on the Sound to sea 

level on the shore of Peconic 

Bay, 4 miles to the south. 

Still farther east both the 

thickness of the Manhasset 

along the north coast and 

its extent toward the south 

decrease until near Orient 

Point the formation has a 

maximum elevation of only 

about 30 feet and a width 

of leas than a mile. 

^ MiddU Island idt.—The 

I Middle Island belt is most 

u distinct at its east end, 

3 where it is represented on 

I Shelter Island. To the west 

I it is represented by Great 

I Hog Neck, Nassau Point, 

5 and Robins Island, by the 
I thick deposits bordering Pe- 
I conic River on the south 
I from Riverhead to South 
^ Manor, and by the high 
1 deposits between the mo- 
T raines at and near Middle 
^ Island. West of this region 

6 the continuation of the Mid- 
C die Island belt is obscured 

for many miles, but there 
are topographic indications 
pointing to a Manhasset 
scarp similar to that of the 
north-shore belt but mainly 
buried, extending westward 
along the line of the Ron- 
konkoma moraine to the 
Half Hollow HUIs, which be- 
long to this belt. The next 
representatives of the belt 
appear to be the Bethpage 
terraces, lying southwest of 
these hills and possibly indi- 
cating a swing of the belt 
in that direction. Rockaway Ricigc, thp last Manhasset remnant in this belt, agrees in trend 
with the southwesterly bearing assumed between the Half Hollow Hills and the Bethpage ter- 
races. Possibly Gurdiners Island, at the opposite end of Long Island, represents the easterly 
continuation of the same belt. 
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The Middle Island belt shows, where not obscured by later deposits, the same northward- 
facing scarp as the north-shore belt, but the southward slope is not so conspicuous. The drainage, 
however, seems to have commonly flowed toward the south, indicating a general slope in that 
direction. The formation maintains its thickness on the whole more persistently than in the 
north-shore belt, although showyig great local variations. At Rockaway Ridge the upper 
surface stands about 30 feet above sea level; at Bethpage, 180 feet; in the Half Hollow Hills, 
240 feet; at Middle Island, \40 feet; south of Peconic River, 100 feet; on Robins Island, 60 feet; 
on Nassau Point, 60 feet; on Great Hog Neck, 40 feet, and on Shelter Island, 100 feet or more. 
The subaerial erosion is fully as far advanced as in the north-shore belt, and the features due 
to marine erosion are even more conspicuous, although the erosive action was probably less. 

South FluJce belt, — The South Fluke belt of the Manhasset formation is most readily traced 
by b^inning at the east. The great mass of the deposits beneath the thin coating of late till 
on the Montauk Peninsula are Manhasset and constitute the east end of the belt. Interrupted 
by the connecting beach and dimes at Promised Land, the belt is continued toward the west 
by the broad Manhasset areas of the two great necks east of the town of Sag Harbor, by Hog 
Neck north of this town, and by the high hills between Noyack, Little Peconic, and Great Peconic 
bays and the moraine, as well as by the Manhasset remnants seen south of the moraine. The 
South Fluke belt seems to join the Middle Island belt in the vicinity of Riverhead. The maxi- 
mum elevation of the Manhasset at Montauk is about 150 feet; in the region between Prom- 
ised Land and Sag Harbor and on the shores of Little Peconic and Great Peconic bays it is 120 
feet. From these altitudes the Manhasset appears to slope southward, passing beneath the 
moraine and a part of the outwash, and seems to have originally reached sea level a little south 
of the present coaste, which are now commonly luxed with bluffs rising a few feet above tide 
level. 

In figure 107 a number of profile sections bring out the relations of the Manhasset forma- 
tion in the three belts described above. 

EEBOD ORAVXL MEMBZB. 
NAME. 

The term Herod gravel member is appUed to the sand and gravel beds constituting the 
lower third of the Manhasset formation, or that part lying below the middle or Montauk till 
member. The name is taken from Herod Point, near Wading River, on the north shore of Long 
Island, where the gravel is well exposed. 

CHARACTER. 

The Herod gravel member varies greatly from point to point, in some places being pre- 
vailingly sandy and in others consisting largely of gravel. The change in character is abrupt 
in many places, both vertically and horizontally, sand beds giving place to gravel or gravel to 
sand within a distance of a few yards. In general sand is more likely to prevail near the con- 
tact with the underlying Jacob sand, and gravel is more likely to become abundant as the 
horizon of the overlying Montauk till member is approached. In places beds of sand 10, 20, or 
even 30 feet thick, containing scarcely a pebble, are to be seen, but in its more normal phases the 
deposit consists of an alternation of thin layers of sand and gravel, the whole having a ^avelly 
aspect. The pebbles are commonly small, those half an inch to 2 inches in size predominating, 
but in the upper part of the member they are considerably larger, 3 to 4 and even 6 inch 
pebbles being common. The character of the pebbles differs greatly in the different parts of 
the island. 

Western Long Island. — Near the west end of the island a large percentage of quartz peb- 
bles is present, this material in fact predominating over the granites. The greater part of the 
quartz pebbles are stained yellow by oxide of iron, giving rise to the term *' yellow gi'avels, *' by 
which they were formerly known and on the basis of which they have been by some writers 
correlated with the ^* yellow gravels'* of New Jersey. The ^^ yellow gravels*' of New Jersey 
are in realUy a much older deposit, con*esponding with the Mannetto or still older beds. In 
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them the basic granite pebbles are gone, those of the acidic type are deeply rotted, and even the 
cherte and some of the quartz pebbles have been weathered and weakened. In the Herod 
gravel member, on the other hand, the granites are as a rule not deeply weathered and the 
quartz and chert pebbles are quite freeh. 

Next to the quartz the gramte or gneissic pebbles are most abundant, both basic and 
addic types being represented. Many of the basic or biotitic pebbles are more or less weathered 
and rotten, although perfectly fresh specimens are not uncommon. It is believed that fresh- 
ness is the normal condition, the alteration of the weathered pebbles having been well advanced 
before they were incorporated in the deposit. The acidic muscovite-orthoclase varieties seem 
to be hut little weathered. 

Id addition to the quartz and granite pebbles there are numerous concretionary frag- 
ments a)asisting mainly of quartz grains cemented by reddish (hematitic) oxide of iron and 
ranging from a fraction of an inch to a foot in length. Limonite concretions occur here and 
there in place. Siliciiied fossils and cherts, although forming quantitatively a very unimpor- 
tant part of the deposits, are nevertheless sufficiently common to be found by careful search in 
almost any exposure in this part of the island. It is interesting to note that on the whole the 
quartz pebbles are rounded as much as, if not more than, those of the granite. 

The staining of the gravels is in part primary and in part secondary. Many of the stained 

quartzes, for instance, occur in beds in which the surrounding pebbles are entirely unstained, 

tbowing conclusively that their staining antedated their deposition in their present situation. 

On the other hand, the beds in many places have been discolored 

since their deposition. Locally the discoloration is limited to a 

small hunch of pebbles, perhaps not more than 6 inches in 

diameter in the ^^ec;ate, the staining material clearly coining 

from an iron-bearing pebble in the center. In some places the 

=i€ri~}r~^^rjiC^ry=:y^^-C^ Streaks extend directly downward from the source of the staining 

^5^->;?ppO£^^095^:riiy. solutions, which may be either a pebble or a lamina of sand rich 

' in inin-bearing minerals. An interesting feature is shown in 

'^^To^S^g^'v'^mEr'*'" %"re 108, which illustrates what at first sight appeared to be a 

most puzzling case of vertical bedd'mg. The vertical banding 

appeared to be as regular and perfect as in any normal bedding, and only close examination 

revealed it to be due simply to discoloration. 

The greatest amount of oxidation appears to have oc-curred where some finer sand or clay 
served to collect the downward-percolating waters, which have stained and even partly cemented 
the immediately overlying beds. In places, as in the gravel pits beneath the moraine on the 
east side of Koslyn, there appears to be a general staining of the section as a whole, the materia! 
being of the characteristic huff color. 

The bedding of the gravelly phases of the Herod member is normally horizontal, as shown 
in the sections in the big gravel pits on Hempstead Harbor, but cross-bedding is not rare, espe- 
cially in the upper part of the member. It is, however, generally of local occurrence and of 
no great magnitude. The bedding in the sandy phases of the member is nearly everywhere 
horizontal, except where disturbed by subsequent folding, and much of the lamination is 
distinct and delicate. Ripple marks are present here and there. Internal unconformities 
due to contemporaneous erosion and deposition are not uncommon, although in the member as 
a whole they can not be said to bo numerous. 

A noticeable feature of the member as exposed near Far Rockaway, on the south shore, ifl 
the presence of numerous pebbles showing faceting by the wind. A large part of these lie at 
some distance below the surface and beneath other gravels, but they appear from the absence 
of subsequent rounding to be substantially in place. No faceting was observed on the pebbles 
in the Herod member of the nortli shore. 

Central arid eastern Long /s^ituJ.— East of Hempstead the character of the Herod member 
undergoes a gradual change. Quartz and concretionary fragments become less common and 
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are seen at relatively few points beyond the Cretaceous and Mannetto remnants on Lloyd and 
Eaton necks, on the north coast, or east of the Mannetto and Half Hollow hills of Huntington 
Township, in the interior of the island. Cherts and silicified fossils appear to be absent. Struc- 
turally there seem to be more irregularities as one goes eastward, cross-bedding being much more 
common and bowlder pockets not rare. The stained appearance is largely lost, the beds in 
general having a very fresh aspect. Acidic granites become relatively common, but basic 
granites are comparatively rare, although some trap fragments occur. In the relative amounts 
of sand and gravel there is no marked change, although there appears to be a tendency toward 
greater fineness of material. Although it is difficidt to make an accurate comparison of the 
Herod member with the outwash gravels of the Wisconsin stage, because of the absence of 
good exposures of the latter, it is probably safe to say that in general they resemble one another 
very closely both in composition and structure, and that in exposures where the relations are 
not shown it would be impossible to distinguish the two, a fact that adds much difficulty to the 
differentiation of the deposits south of the moraine. 

SOURCE OF MATERIAL. 

Western Long Island. — From the west end of Long Island eastward to the last exposure of 
Cretaceous and Mannetto at Eaton Neck and Northport there is, as has been pointed out, a 
predominance of quartz in the Herod member as a whole, but beyond the limits of the extensive 
older beds the quartzose character disappears. It seems clear, therefore, that it is to the beds 
of these older deposits, either on the island itself or in adjacent parts of Long Island Sound, 
that one must look for the soupce of the materials. If any considerable quantities were brought 
from the Sound itself, it would be expected that characteristic materials would be found east 
of the Cretaceous and Mannetto land masses. No notable quantities of such materials, how- 
ever, have been found. 

In the clayey parts of the Cretaceous the pebbles are usually white and entirely unstained, 
but in the sandy and gravelly phases staining is very conmion. The staining in the Mannetto 
appears to be universal. The stained pebbles of the Herod member may therefore be referred 
with some confidence either to the Cretaceous or to the Mannetto gravel, and the white pebbles 
would be referred either to the clayey Cretaceous deposits or to young drift brought in from the 
north. The only clue to indicate which source afforded the white quartzes is the extent to which 
they are rounded, the Cretaceous pebbles being in general considerably more rounded than 
those from the Pleistocene. From this indication the Cretaceous seems to have been the 
principal source. The so-called concretionary fragments appear to represent both actual con- 
cretions and thin cemented layers from the Cretaceous sands. Such layers are very numerous 
and in places highly irregular, simulating true concretions. Some may come from the Mannetto 
gravel, but none have been observed in place in this formation. 

The granite pebbles appear to have been transported in the main from the Connecticut 
shore, the freshness of most of the material indicating derivation directly from the ledges. 
Some of the granites, however, seem to have been derived from ledges or from pebbles from 
older deposits in which weathering was already well advanced at the time of removal, although 
they were stDl sufficiently firm to permit their handling by ice or water. The relative scarcity 
of granite pebbles in the Herod member south of the moraine is attributed to the greater dis- 
tance the materials were transported and the greater erosion they have undergone, whereby 
the smaller and more weathered pebbles were broken up and dissipated. The cherts and sUici- 
fied fossils are evidently from the metamorphic limestones on the mainland to the northwest. 

Central and eastern Long Island. — Although granitic pebbles are nearly everywhere abundant 
in the Herod member, it is on the whole more sandy than most glacial gravels. As has been shown, 
the Mannetto gravel was once a thick and extensive formation, stretching some distance into 
the region of the Sound, if not to the Connecticut shore. Notwithstanding the great erosion to 
which this formation has been subjected, it is not improbable that there were remnants of it 
beneath the Sound at the time of the Herod deposition, and these may have furnished some of 
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the materials, although stained pebbles such as are found farther west are commonly lacking. 
Extensive areas of the Sound were also doubtless underlain by the Jameco gravel, which pre- 
sumably furnished a large amount of material. To its derivation from these formations the 
Herod member probably owes its prevailing sandy character. The granite pebbles probably 
represent in part the reworked Jameco and in part fresh material brought in from the mainland. 

RBLATTON TO OTHER DSP08IT8. 

At the base, as elsewhere mentioned, the Herod gravel member merges by gradual tran- 
sition into alternating layers of coarse and fine sands and finally into the clayey Jacob sand 
(figs. 67, p. 97; 75 and 76, p. 99; and 98, p. 110), the only imconf ormities being those of over- 
lap where the gravel reaches beyond the Jacob sand and abuts upon the Mannetto gravel or 
the Cretaceous deposits. 

In many .-^mall exposures the Herod member appears to be overlain conformably by the 
Montauk till member (figs. 109; and 167, p. 146), but in larger exposures, where several rods of 
the contact may be seen, an tmconformity is almost invariably found. The imconf ormities range 
from shallow, almost unnoticeable depressions in the Herod surface to deep and perhaps sharp 
troughs, many of which cut entirely through the Herod into the underlying Jacob sand or 
Gardiners clay. 

The nature of the contact between the Herod member and the Montauk member is far 
from uniform. Where the overlying deposit is a true till the contact is in many places sharp 
and distinct and it may be of the so-called knife-edge type, the transition from one member to 
the other taking place within less than a quarter of an inch. This is probably to be regarded 
as the characteristic contact. In places, howevor, there is a somewhat gradual transition from 
the gravel into the till, as if the former had been reworked and incorporated with the latter. 

Where the Montauk is represented by its 
gravelly phase there is no true contact, 
the finer gravel of the Herod member 
grading upward, although in places some- 
what abruptly, into the coarser gravel of 
FioTOE i(».-flection near Qninoe ttm Landing, Monuok, showing tui of ^hc Montauk member. Here and there 

Montauk type resting on arched Herod gravel member. i <» «■ i i • 

the Montauk member is too poorly de- 
veloped to be recognized and the Herod merges with the similar gravel of the Hempstead 
member to form a single thick gravel formation. 

At a few places the Montauk ice seems to have planed and eroded the Herod member without 
leaving the usual deposit of till, and the Herod member is separated from the Hempstead member 
by an unconformity. One of these places is shown in figures 116 (p. 126) and 180 (p. 153). 
The ice in passing over broke up the stratification in the upper part of the lower sand and in 
connection with a subsequent oxidation or staining produced local phases strongly resembling 
soil zones. 

STRUCTURE. 

In common with the underlying beds the Herod gravel member was affected by the dis- 
turbance produced by the overriding Montauk ice. There are, however, certain points of 
difference. Because of its loose, friable character the Herod tended to crumble and disinte- 
grate rather than to resist and become warped under the ice pressure. Folding is therefore 
less common in the gravel than in the more resistant Gardiners clay and Jacob sand, and where 
it has occurred the folds are generally broad and open, as if the material had been lifted by 
deformation of the underlying clay. This deformation may have been due to pressure trans- 
mitted lateraUy or to unequal settling imder the weight of the ice sheet. In places, however, 
either because it contained a higher percentage of clay or because it was frozen at the time, the 
gravel appears to have afforded more resistance to the ice than usual and was folded in much 
the same way as the underlying beds, although never forming the sharp pinnacle-like folds nor 
showing the minute crumpling exhibited in many places by the clays. The character of the 
folding is brought out in more detail in the following discussion of the distribution of the 
gravel. 




lOO aooFeet 




MANHASSET FOBMATIOK — HEBOD GBAVEL MEMBEB. 125 

DISTRIBUTION. 

East River to I/Me Neck Bay. — ^Along the north shore west of Little Neck Bay the Montauk 
till member reaches down nearly or quite to sea level, the Herod gravel member where present 
lying mostly below that level. It is possible that the Herod member is not as thick here as 
farther east, owing either to the earlier advance of the ice in the west and the consequent 
early replacement of the Herod by the Montauk, or possibly to greater reduction by erosion. 

Greai and Manhasset necJcSj North Hempgtead. — ^The most western locality at which the 
Herod gravel member appears in considerable amounts is on Great Neck, where it forms the 
lower part of many of the bluff sections and extends below sea level. On Manhasset Neck the 
gravel is seen on the west and north shores (fig. 137, p. 135) but is best developed on the west 
side. A line of immense gravel pits cutting into the hills extends along the harbor, giving 
dear^ut sections of the Herod member from its contact with the Montauk till member at an 
altitude of 75 to 100 feet down to the Jacob sand or the Cretaceous 
clay near sea level. The material here consists of a fairly regular 
alternation of sand and fine gravel throughout the whole of the section. 
Hempstead Harbor to Oyster Bay, — The Herod member is well ex- 
posed in the gravel pits near Glenwood Landing, on the east side of 
Hempstead Harbor, where 40 to 50 feet of rather fine cross-bedded Fioi7RBno.--seotian(mfheccMi8t 
gravel was seen. It seems to form a considerable part of the lower por- "*«^ ®' ^*** saianga. ifon. 
tion of the bluffs from Roslyn to the mouth of the harbor. From agatost Herod gravel member 
Hempstead Harbor to Oyster Bay the member is seen at few places (*> *"^ overiajn by wiacoMto 
along the shore, owing apparently to the extensive erosion by the Mon- 
tauk ice, but it unquestionably occurs beneath the plateau stretching inland from the coast, 
probably embracing most of the materials from sea level to a height of 50 or 75 feet. At 
Rocky Point, 2 miles north of Oyster Bay, it is seen between the Oardiners clay and the Mon- 
tauk till member but is here of slight thickness (fig. 65, p. 96). On both the west and east 
shores of Oyster Bay Harbor and at Coopers Blufi it appears to constitute the lower parts 
of the bluflfs. 

LLoyd Neck to Northport. — ^As is usual where the Cretaceous is present above sea level, 
very little of the Herod member is to be seen at Lloyd Neck, whatever Herod material may have 
been deposited around the Cretaceous masses having been removed by the Montauk ice or so 
disturbed as to be rendered unrecognizable. On West Neck, just south of Lloyd Neck, con- 
siderable Herod material is present and may be seen lying upon the Cretaceous clays (the 
Oardiners . clay being absent) at one or more points along the shore of Cold Spring Harbor. 
From Halesite to Centerport on Great Neck the conditions are similar to those on Lloyd Neck, 
no good exposures of the Herod member being seen. On the west side of Little Neck a short 

distance south of Little Neck Point folded sands 
of the Herod type were seen underlying what 
appears to be the Montauk till member. On 
Eaton Neck, to the north, the conditions also 
resemble those on Lloyd Neck,. In one sec- 

FiouBB ni.— Section half a mfle east of Woodhull Landing, showing _ ^iii-i.-ifiTT j i 

strongly arohed beds of Herod gravel member. tlOU, jlOWe Ver, lOldea bcdS 01 the Meroa graVel 

member were observed between the Gardiners 
clay and the Montauk till member (fig. 66, p. 97). Fairly good exposures of the gravel, consist- 
ing of rather fine, even-bedded sand with wavy ripples, were found in the lower part of the bluflfs 
on the east side of Northport Harbor, north of the town. 

Northport to Port Jefferson. — Gravels of the Herod member, 25 or 30 feet thick, were 
exposed in 1904 for some distance in the bluffs along the beach northeast of Fort Salonga, 3 or 
4 miles northeast of Northport. Here the gravels are commonly horizontal, although some 
sections show a slight disturbance due to the Montauk ice, also unconformable contacts with the 
Montauk till member (fig. 110). Eastward from this point the Montauk member descends 
gradually to sea level, cutting out the Herod member. The Herod is seen again, however, on 
Nissequogue Neck between Nissequogue River and Stony Brook Harbor (figs. 139 and 140, 
p. 137) and in the vicinity of Stony Brook station (fig. 141, p. 137). Some of the contacts are 
unysuaUy complicated (fig. 140), and much gravel is incorporated in the till. 
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Port Jefferson to Orient Point. — lie first good exposure of the Herod gntTel member east 
of Port Jefferson b found half a mile east of WoodhuU Landing, where a great thickness of 
gently folded sand and gravel is seen (fig. 111). A quarter of a mile west of Hallock Ijanding the 
Herod member occurs in both horizontal and upturned and faulted 
masses, as shown in figure 
1 12. The gravels under- 
lying the upthrust Jacob 
sand near Hallock Land- 
ing doubtless represent 
the Herod member, as do 
also the horizontal grav- 
els underlying the Mon- 
tauk till member near 
Herod Point (fig. 113), 
Paine Landing (fig. 114), 
Hulse, Fresh Pond, and 
Jericho landings, and other points. The Herod member is exposed also as subtly warped 
beds beneath the Montauk till member near Friars Head (figs. 115; and 179, p. 153) and near 
Roanoke Landing and Point (fig. 144, p. 139), and it 
probably forms a considerable part of the material in 
the bluffs from Koanoko Point to the vicinity of Luce * 




Fiainut 111.— SecUoo a quarter at 
aroil«wostol HallcEk LouduiK, 
showing tsulted bwls al Herod 
grsTcl m>mlMr(i). 
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FiauBE 113.— Section wi 



Point. •,I>iineBUHl;A,buiiJ 
Dl member): t, Herod tnrel manbK-. 




t P«ln» Lmdlnf;. o. TBI (Monuak 
lUI member): ^> tblD cl>y leyer bel(»etng to Montwik mem- 
bar; c, Herod grevel member. 

Landing and Jacob Hill, where it is again definitely recognized. In one section near Jacob Hill 
the Herod member ia entirely cut out by the pro-Montauk unconformity (%. 93, p. 109), although 
present in adjacent exposures (figs. 92, p. 109; 157, p. 143). The Herod member was seen 
between Luce Landing and Jacob Hill (figs. 145, 146, 
p. 140), also a mile southwest of Duck Pond Point (%. 116), 
but at many points from this place eastward to the ter- 
mination of the North 
Fluke at Orient Point 
Uie gravel b absent, 
the interval being rep- 
resented by an erosion 
tmconformity ext^-nd- 
ing downwanl into 

1111 iireiuuet, a, iimni KiBVfi uiBuiurr. .1 t i 1 ,c (proiiarjIJ- SOTODiinrTI ai/. 

the Jacob sand (fig, 
96, p. 110). Figure 97 (p. 110), however, shows the Herod in its normal relations. 

Bethpaye terrace. — The altitude and thickness of the Herod member north of the moraine 
indicate strongly that it must be represented to a greater or less extent south of the moraine, 
but no exposures admitting of definite recognition are found between the moraine and the 
vicinity of the West or Mannetto Hills. Near the clay pits at Bethpage, at the south end of tJiese 
hills, and immediately west of Farmingdale, a mile farther south (see PI. HI, p. 28) are two 




TOUKE 117.— Section uorthwrat of Sblnneoock C»- 

nnl, showing folding and laulllni! hi gray cUy be- 
lonfrfnc 10 the Jacob Hind and In tbeHemdgnvgl 
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well-marked terraces nearly 2 miles long and half a mile to a mile or more wide, composed of 
granitic gravels. The fact that what appears to be the Montauk till member occurs at the top 
of the Half Hollow Hills, just east of tibds locality, at an elevation of 240 feet, seems to show 
that the terraces at Bethpage and Farmingdide are to be correlated with the Herod member. 
The deposits in general are rather coarse, especially at the Bethpage locality, where they contain 
a large number of pebbles and seem to represent the beginning of the transition into the Mon- 
tauk till member. 

Eastern Long Island. — As indicated on the geologic map (PI. I, in pocket), the Manhasset 
formation occurs beneath thin coatings of outwash or in many places probably rises above the 
outwash material, south of the outer (Ronkonkoma) moraine from the Half Hollow Hills 
eastward to Great Peconic Bay, but the exposures do not permit the identification of the par- 
ticular member of the Manhasset to which 
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Figure 118.— Section northwest of Shinneoock Canal, showing folding 
and faulting in Herod gravel member. 



they belong. It seems probable, however, 
that the Herod member is mainly below sea 
level in this area. 

Rockavxiy Ridge, — ^The ridge extending 
from Far Rockaway northeastward to Lyn- 
brook rises distinctly above the Wisconsin out- 
wash and has a much older topography. The gravel of the ridge differs from that of the normal 
Herod member in several particulars. The first of these is the imusual amoimt of quartz 
contained in it; in fact, at first sight quartz appears to be the only material present, a fact 
which led Woodworth * to' place the deposits in the Tertiary. More careful search, however, 
has developed the presence of many granites, and wells sunk along the ridge penetrate the 
Gardiners clay after passing through the gravels. The latter are therefore younger than the 
former and older than the outwash; hence they must be placed in the Manhasset formation. 
Their position and the absence of any record of till or other deposits that could be correlated 
with the Montauk point to their being the southern representative of the Herod gravel member 
of the north shore. 

The granite pebbles observed were all of the acidic type and were waterwom and rounded. 

Most of them were deeply 
weathered, thereby differing 
noticeably from the similar 
pebbles on the north shore — a 



feature resulting from their 
greater exposure to the weather. 
Many of the quartz pebbles 
were from 4 to 6 inches in di- 
ameter, and a large number of 
them exhibited a verv marked 
and perfect faceting similar to 
that on the pebbles of Nantucket and Cape Cod, which the writer^s work shows to have come 
from the same horizon. 

South Fluke. — The Herod gravel member doubtless occurs at a large number of points on 
the South Fluke, but as the sections are covered with talus and as the key beds (Gardiners clay 
and Montauk till member of Manhasset) are absent at many places, it can be identified only 
with difficulty at those points. Good sections were observed in 1904, however, west of Shinne- 
cock Canal, about midway between the canal and Red Cedar Point, where the beds were folded 
and faulted in a marked degree (figs. 117 and 118). Broken Pleistocene shells of secondary 
origin were found in the upper part of the member. On Jessup Neck, about 4 miles west of Sag 
Harbor, several exposures of disturbed gravels, possibly belonging to the Herod member, were 
seen, and on the west side of Hog Neck, about 3 miles northwest of Sag Harbor, there are several 
good exposures of the Herod, the relations being as shown in figures 151 and 152 (p. 142). Near 
Cedar Point the section shown in figure 119 was noted. Between Cedar Point and Sammys 




FiouBB 119.— Section east of Cedar Point, northeast of Sag Harbor, showing disturbed beds of 
Herod gravel member beneath Montauk tOl member. By D. W. Johnson. 



> Bull. New York State Mus. No. 48, 1901, map. 
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Beach, 4 miles northeast of Sag Harbor, are many exposures of folded and faulted gravels, 
some of which appear to be overlain by the Montauk till member and hence are to be referred 
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Figure lao.— Section between Cedar Point and Sammys Beach, 

northeast of Sag Harbor, showing folded gravels (Herod gravel Figure 121.— Section east of Cedar Point, northeast of Sag Harbor, a, Hemp- 

memberT) with cobble (a) and clayey (b) layers probably repre- stead gravel member; 5, Montauk till member; c, folded and iteulted gravels 

senting Montauk horixon. (Herod gravel member). 

to the Herod member (fig. 120). The disturbed gravels shown in figm'es 121 and 122 are also 
probably Herod, as are the gravels and sands below the unconformity in figure 123. One of 
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FiGURE 122.— Section east of Cedar Point, northeast of Sag 
Harbor, showing disturbed beds of Herod gravel member 
overlain by till (Wisconsin?). 



Figure 123.— Sectkm west of Sammjrs Beach, showing 
probable unconformity separating Herod gravel mem- 
ber and Hempstead gravel member. 



the exposures in the Montauk region is represented in figure 109 (p. 124), which shows a broad, 
low fold of the Herod member as it appears in a cliff section between the Napeague and Hither 
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Fioxtre 124.— Section near C^ulloden Point, Montauk. a, Dune sand; 6, 
Wisconsin till; c, folded gravel (Ilorod gravel member?); d, banded 
Montauk till member. 
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Fioxtre 125.— Section 1 mUe north of Qnlnoe Tree Landing, 
Montauk, showing folded beds of Herod gravel member. 



Plain life-saving stations. On the north sliore disturbed or overturned gravels, apparently 
belonging to the Herod member, are seen near Culloden Point (fig. 1 24) . Other but more obscure 

exposures are found along tlio shore between the point and the landing 
near the railroad station. West of Rocky Point many exposures of 
folded gravels, possibly of the Herod member (fig. 125), were noted, 
but in general their relations were not disclosed. Near Quince Tree 
Landing, on Napeague Bay, however, the gravel is clearly seen to 
underlie the Montauk till member in one section, and in another it is 
banked against Jacob sand in an upturned mass (fig. 126). 

Robins Island, — The Ilerod gravel member is exposed in broad, 

open folds at many points in the bluff's on the west side of Robins 

Island (figs. 98, p. 110; 193, p. 156). At one point there appears to be 

a strong erosion unconformity due to the action of the Montauk ice, 

wliich, however, left no deposits (fig. 194, p. 157). A little farther along 

an important overthnist fault was seen, the upper part of the Herod 

member being shoved bodily over tlie lower part toward the south 

and the beds of the lower part being distinctly upturned and crumpled by the drag (fig. 127). 

On the other side of the island the exposure's are poorer, but there are long stretches of 

upturned and disturbed sands, overlain in places by the Montauk till member, which are 

apparently to be referred to the Ilerod member (fig. 128). At one point the gravel beds exhibited 




O 25 Feet 

Figure 126.— Section 1) miles 
north of Quince Tree Landing, 
Montauk, showing upturned 
1)eds of Derod gravel mem- 
ber (a) resting against clayey 
Jacob sand (b). 
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FiausB 137.— Sectkm Di 



i9 Island, aboiTlDg thrust hult In 



a distinct contortion in addition to the broader undulations (fig. 74, p. 99). An upturned mass 

is shown in figure 75 (p. 09). 

Shelter Island. — Owing to the fact that wave cutting is relatively less active on Shelter 

Island than on the north shore of hong Island, more of the cliff sections here are covered with 

talus. Tracesof folded sands and gravels, 

however, were noted at many points along 

the lower parts of the bluffs on the north 

side of the island. This material seems 

to belong to the Herod member, for it is 

stratigrapbically below the heavy till 

correlated with the Montauk member, 

which is well developed on the island. ^ looreet 

Gardiners Island. — The complexity 

of the folding and the covering of talua 

on most of the more gravelly bluffs of 

Gardiners Island make the tracing of the Herod gravel member very difficult. As no gravel 

beneath the Gardiners clay is here known, and as profound folding appears to be distinctive of 

the Montauk invasion, it is fair to presume that the great masses of the strongly folded glacial 

gravels of the islantl belong to the Herod member. The conditions can be best shown by the 

illustrations. Figurel67 (p. 146) shows the 
gravel in open folds beneath the Montauk 
till member at a point half a mile north of 
Cherry Hill Point, and figure 99 (p. 110) 
shows the Jacob sand and Herod member in 
thick and hut slightly disturbed beds alittle 

beyond. The contact is stained black and is more or less oxidized, suggesting a soil zone. A 

few hundred feet farther east horizontal Herod material was seen beneath an overturned fold 

of Gardiners clay (fig. 81, p. 100). On the northeast side of the island, near the west end of the 

bluffs and not far from the base of the sand spit, the relations 

illustrated in figure 78 (p. 100) were observed. At 980 paces from 

the end of the bluff the Herod member was again seen in a gentle 

fold (fig. 129), and beginning 1} miles from the end of the bluff an 

almost continuous section of folded beds of the Herod gravel 

member was to be seen in 1904 for a distance of 1,350 feet (fig. 

80, p. 100), beyond which folded beds of the Herod were seen 

intermittently to Eastom Plain Point, a mile farther on. On the 

shores of Tobacco Lot Bay the Herod member appears to have 

suffered more from the Montauk ice erosion and ia less seen. The 

accompanying section (fig. 130) shows the appearance of the best 

exposure near the point at the south end of the bay. South of 

the point there are fine exposures of buff hori- 
zontally stratified sands and gravels, which prob- 
ably belong to the Herod member. 

Plum Island.^Wsst of the steamboat landing 
on Plum Island the first good exposure of the Herod 
gravel member seen along the shore in 1904 was 
found about half a mile from the wharf in an open 
fold (fig. 102, p. 111). The next quarter of a mile 
showed a succession of similar folds, though not so 

well exposed at the time of the writer's visit. At the west end of the island, near the 

lighthouse, a thrust fault with the upper layers bent upward was seen. The fault plane 

makes an angle of about 45° with the horizon. The thrust is toward the south (fig. 131). 
162»''— 14— 10 
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Bt Gurditiera Island, a, Herod gTBv«I 
member o[ "«">"—' lonaatloD; A.gra? 
Jacob mnd; c, dack-gia; to black clay 
alternating with lamins of One mid 
(Oardtoers clay). 






FiODSB 130.— Sactkm near paint st south end of Tobacco Lot 
Bay. a. Till (partly Montauk (ill member); b, Herod gravel 
member; c, block clay weatberlng gireo, with some pebbles. 
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FioiTUt 131.— Section nnr Ughthouae 
at west end of Plum Island, show- 
ing folds passing into faults in Herod 
gravel member. 
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FiouRB 132.~Details of ftolting in Herod gravel 
member near west end of bluffs on south side 
of Plum Island. 
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On the south side of the island the Herod member was seen in considerable thickness a 
quarter of a mile east of the west end of the bluffs, where it has the relations shovni in figure 
170 (p. 146). Ahundred paces farther east it wasagain well exposed and showed a great number 

of parallel faults (figs. 82, p. 101, and 132), and a few hundred yards 
beyond it appeared in a highly folded mass. From this point to 

Fort Terry, although the expo- 
sures are not so good, the member 
is seen at short intervals (fig. 103, 
p. 111). About half a mile east of 
the fort several fine exposures 
show highly disturbed and eroded 
beds of the Herod member (fig. 
104, p. Ill), and a little farther on 
a good exposure of the Herod has till backed up against it. From this point to the east end 
of the island and westward along the north coast to the wharf the cliffs have been covered 
artificially and no exposures are now visible. 

Fishers Island. — On Fishers Island the Herod member is best exposed in the clay pit, 
where the sandy phase is strongly developed in the big anticline. The relations and structure 
at this point are well shown in figure 84 (p. 101). Figure 133 shows additional details of the 
structure, although owing 
to the talus present the 
relations are not entirely 
revealed. 

At Isabella Beach and 
at the bluff three-fourths 
of a mile northeast the 
Herod member is arched 
in broad open folds (figs. 86, p. 102; 134, 135). The conditions at the West Harbor locality 
(fig. 173, p. 147) are similar to those at Isabella Beach, except that the materials are moderately 
coarse gravels with pebbles the size of a hen's egg. The greater part of the high hill on the south 

shore south of West Harbor appears to be com- 
posed of the Herod member, which seems to be 
cross-bedded on an extensive scale, and which, 
to judge from the outcrop of the Jacob sand on 
which the beds rest, is folded into broad arches 
only a few feet high. 

Except at the localities described, where the 
gravels rest on the Jacob sand, the Herod mem- 
ber can not be recognized with absolute cer- 
tainty, although there is every reason to believe 
that the yellow and buff sands and gravels seen at a great number of points beneath the thin 
coating of Wisconsin till, forming, in fact, by far the greater part of the island, belong to this 
member. They proba- 
bly reach their greatest 
development either in 
the high hills south of 
West Harbor, already 
mentioned, or in the sim- 
ilar hill southeast of Chocomount Cove, which rises more than 120 feet above sea level and is 
probably composed mainly of the Herod member. 

Deposits penetrated by treUs. — ^The tripartite division of the Manhasset formation (the Tis- 
bury of Veatch) was not fully established in the first season*s work and is not mentioned in 



FioDKB 133.— East-west section In clay pit on Fishers Island, showing disturbed beds of Herod gravel 

member of Manhasset formation overlying Gardiners clay. 
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FioiTRX 134.— Section throogh hlU thre»<iiiarten of a mile northeast 
of east end of Isaliella Beach, Fishers Island. 




FiouRX 135.— Section parallel with beach at headland three^uarters of a mile northeast of east end 
of Isabella Beach, Fishers Island, a, Till; 6, gray sand I)elonging to Herod gravel member; c, clayey 
gravel belonging to Herod member; d, greenish-gray clay (Gardlneis clay). 
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the report on water resources. The subdivisions can be recognized, however, in many of the 
well records, and from these the accompanying table has been drawn up. The table includes 
only those wells in which the gravel is found below the Montauk till member. The Herod 
gravel member, however, is recognized in the beds overlying the Gardiners clay and the Jacob 
sand in many other wells, practically all ot those listed under these two formations indicating 
also the presence of the Herod gravel member of the Manhasset formation. 

Herod gravel member of Manhasset formation in wells of Long Island. 



No.a 



38 

e2 

186 
200 
220 
246 
258 
367 
366 
421 
422 
436 
446 
457 
465 
481 
483 
484 
485 
629 



Locality. 



Owner or place. 



Brooklyn. 



do 

Tollman Island . . 
Jamaica South . . . 

HoUis 

Elm Point 

Hewlett Point... 
Port Washington. 

do 

NuneoLa 

Albertson 

Rotiyn 

Olennead 



Glen Cove.... 

Dosods 

Lattingtown. 

do 

do 

do 

West Neck.. 



Bartlett Street and Flqsh- 
tngA value. 

Ten Eyck Street 

Railroad test boring 

Baisle V pumping station . . . 
Brooklyn test well No. 7. . . 

H.B.OUbert 

O. B. Wnaon 

T.Valentine 

Dodge estate 

Commission test well 

do 

Mrs. T. Vowman 

A. A. EInowles 

F.E. WlUets 

W.M.Valentine 

L. C. Wier 

E. Latting 

W. D. Gutherie 

do 

Mrs. M.H. Clots 



Depth of for- 
mation. 



Feet. 
73-81 

52-75 
6 67-76 
i»7-106 
6IMI6 
56-114 
36-M 
60-123 
72~S0 
30-55 
23^7 
53-90 
75-136 
44-70 
70-125 
63-92 
63-73 
64- 
3R-100 
6 25-85 



Character of materials. 



Coarse giaoial sand 

Coarse yellow sand and gravel 

Sand (not quartz gravel) 

Yellowish sand and gravel 

Grayish and yellow sand 

Fine sand to coarse gravel 

Coarse grav sand 

White and yellow sand 

White sand 

Yellowish sand and gravel 

do 

Fine sand 

Sand 

Light-colored sand 

Brownish sand and gravel 

White and orangeK»lored sand and gravel 

Whit« sand and gravel 

White sand 

Sand and gravel 

F ine brown sand 



Correlation with name used 
in original records. 



Wisconsin and Tisbury. 

Tisbury. 

Pleistocene. 

Tisbury. 

Do. 

Do. 
Not correlated. 
Tisbury. 

Do. 

Do. 
Not cofrelated. 
Tisbury. 

Do. 

Do. 

Do. 
Tisbury and Mannetto. 
Tisbury. 

Tisbury and Mannetto. 
Tisbury. 

Do. 



a Numbers refer to well records In Prof. Paper V. S. Geol. Survey No. 44. 6 In part. 

The persistency of the Herod member is not only indicated by its outcrops but is also brought 
out and emphasized by the well records. Its character seems to be very uniform, the member 
being usually described as a white, light-gray, yellow, or brownish sand with gravel indicated 
in about half of the records. Although ranging from line to coarse in texture, it appears in its 
most common phase to be medium grained. In development it shows the same differences in 
wells as it does in outcrops, the fecorded thickness ranging from 10 to 60 feet. Some of the 
apparent differences are probably explained by Imperfections in the records, but the greater 
part of them are doubtless due to erosion by the Montauk ice, as in the surface exposures. 

Among the well records showing the character of the Herod member is that of the railroad 
test boring on Tallman Island, near College Point. The section as shown by a sketch by C. M. 
Jacobs, consulting engineer, in the museum of the Long Island Historical Society, with the 
correlation of the writer, is as follows: 

Record of railroad test boring on Tallman Island ^ New York. 

Feet. 

Recent: Sand and trap bowlders; old sea beach - 7. 3 

Hempstead gravel member of Manhasset formation: Yellow quartz sand 7. 3- 30 

Montauk till member of Manhasset formation: 

Quartz gravel and bowlders 30 - 31. 5 

Yellow quartz sand, medium fine 31. 5- 50 

Trap bowlders, quartz sand, and gravel ; regular glacial drift 50 - 57 

Herod gravel member of Manhasset formation: 

Sand 57 - 63 

Quartz gravel 63 - 66 

Gravel and sand 66 - 73. 3 

Quartz gravel 73. 3- 76. 3 

Cretaceous (?): 

Soft clay 76.3- 79.3 

Lignite intermixed with clay bands 97. 3- 91. 7 

Streaked red and white clay; hard, bored out as a solid core 91. 7-110. 4 

Fordham gneiss: Soft white micaceous '^sandstone " 110. 4-159 
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The Ilerod member is also indicated in the record of a well (No. 366} on the Dodge estate 
near Port Washington, given in the discussion of the Jacob sand on page 113; in the well of 
the Commission on Additional Water Supply for New York City near East Williston (No. 421), 
given in the discussion of the Montauk till member on page 149; and in the Commission well 
near Albertson (No. 422). In the well of F. E. Willets, near Glen Cove (No. 457), the following 
section was recorded : 

Record o/F. E. Willets' 8 well near Glen Cove. 

Wisconsin drift and Hempstead gravel member of Manhasset formation: Feet. 

Brown loam 0- 9 

Brownish gravel and sand 9- 29 

Montauk till member of Manhasset formation: " Hardpan " ; clay with bowlders 29- 44 

Herod gravel member of Manhasset formation: 

Light -colored sand 44- 70 

Brownish clay 70- 85 

Sand, growing whiter as the depth increases 85-158 

Cretaceous (?): 

Clay, with enough grit to make it hard ("hardpan ") 158-164 

White gravel (no water) 164-182 

\\Tiite coarse sand, with an abundant supply of water 182-186 

AGE. 

As already noted in the discussion of the age of the Gardiners clay and the Jacob sand, 
the Ilerod gravel member of the Manhasset seems to represent water-laid deposits marking 
the nearer approach of a great ice sheet, the first effect of which was the influx of sandy mate- 
rial of the Jacob formation, bringing the Gardiners stage of clay deposition to a close. This 
ice sheet eventually invaded the region, producing the erosion features which are everywhere 
pronounced and leaving the thick Montauk till member. The deposition of the gravel was 
merely an incident of the invasion and belongs to the same glacial stage, which is considered 
to have been the equivalent of the Illinoian stage of the central United States. 

MOVTAirX TILL HBMBSB. 
NAME. 

The term Montauk till member is applied to the middle of the three subdivisions of the 
Manhasset formation. It is at the horizon of the deposits described by J. B. Woodworth^ as 
the bowlder clay bed of the Columbia (Manhasset of his geologic map), occurring in the gravel 
pits of Hempstead Harbor and vicinity. More detaUed study has shown it to be present through- 
out the island and to reach an especially strong development on the south side of Montauk 
Point, from which it takes its name. The Manhasset bowlder bed of A. C. Veatch is the thin 
western representative of this member,' but the name Manhasset can not be applied to it 
because that name is preoccupied for the formation as a whole. 

CHARACTER. 

General camposition. — The Montauk member in the western third of the island appears 
at first sight to consist of coarse, roughly laminated sands, in which many pebbles and bowl- 
ders are irn^^arly embedded. A closer examination, however, shows that the spaces between 
the visible sand grains are practically everywhere filled by a clay or quartz flour. At the west 
end of the island, west of Hempstead Harbor, the member abounds in bowlders and is often 
spoken of as a bowlder bed. The pebbles and bowlders consist mainly of biotitic granite or 
gneiss and although many are much weathered they show signs of glaciation. Quartz pebbles, 
which are ven* common in the gravel beds above and below it, are scarce in the Montauk member. 

Near the center of the island the bowlders form a less conspicuous part of the member, 
which here ci>nsists mainly of faintly laminateii sands with an irregular sprinkling of pebbles 
and of bi^wlders 3 to 6 inches in diameter. The amount of clay present averages more than 

t BuU. N>v Yort St^te Mus. No, «. 1A>1. pp. dST-dSa « Prof. Pmp«r U. S. Q«ol. Sorrev No. 44, 1906, Pt. VU and 
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farther west, especially near the top of the member, where a pebbly clay is not uncommon. 
Bowlders, though not conspicuous in the exposed sections, are nevertheless present in con- 
siderable numbers, being thickly strewn along the beaches and over the floors of the erosion 
amphitheaters. Most of the pebbles and bowlders consist of acidic types of granites and 
gneisses. 

In the Kiverhead district and farther east the till is much more clayey, clay constituting in 
some sections, especially on the South Fluke, a large part of the member. Through it, how- 
ever, are scattered many pebbles and bowlders, here largely of Triassic trap and sandstone. 
On the two flukes the till ranges from the faintly banded clay, sand, and bowlder type, like 
that noted as occurring in the center of the island, to the clay type of the Riverhead district, 
the latter phase being especially common at the top of the member. Cretaceous fossUs are 
found in the till at Montauk. 

TiM and gravel phases. — ^Although in its typical development the Montauk member may 
be defined as a laminated till, it exhibits many variations in character. The lamination is 
likely to be found anywhere strongly marked, and the clay and sand to be assorted into laminsd 
and layers, giving the whole mass a definitely stratified character. The gravelly phase is gen- 
erally coarser and more irregularly stratified and carries both more clay and more granitic 
material than either the underlying Herod gravel member or the overlying Hempstead gravel 
member. Transitional phases are commonly not difficult to recognize, but the pure gravel 
type, unless it carries berg-dropped bowlders or bowlder pockets, can seldom be identified 
with certainty. The gravelly phase is most common in the western part of the island, and 
the till phase is perhaps most persistent in the central part. Near the east end gravelly phases 
are also common, but here, instead of the whole bed giving way laterally to gravel, it is more 
common for only a part of the bed to imdergo this change, gravels and sands being interbedded 
with till layers. 

LamiTiaiion. — The lamination mentioned is very characteristic of the Montauk member, 
probably being visible in fully 95 per cent of the exposures, and from the fact' that it is 
exceedingly rare in the Wisconsin drift it affords one of the best means of identifying the Mon- 
tauk member. It might be called incipient stratification. It is usually inconspicuous when 
seen close at hand, especially in unweathered exposures, but it generally appears sharp when 
seen a few feet away. The appearanjce of lamination seems to be produced in some places by 
an alignment of scattered pebbles, but it is more commonly due to differences in texture, which 
although indistinct in fresh exposures are brought out clearly by differential weathering. The 
layers giving rise to the laminated aspect are more like bands than definite strata and are not 
distinctly separated from the adjoining mass. 

Cementation. — The cementation of the Montauk materials is, next to the lamination, 
the most characteristic feature of the till phase, being observable in more than 75 per cent 
of the exposures of that phase. The material is cemented into a mass difficult to penetrate 
with a pick and impossible with a shovel. Such material may weather like soft rock, giving 
rise to the knife-edge ridges and needle-like pinnacles that are very characteristic of what 
is commonly known as "badland topography." The cementation, however, is not confined 
to the tUl but is present in the gravel phase of the Montauk member at many points. The 
best illustration of this feature is afforded by the gravels of Lloyd Neck, which, though not 
forming pinnacles like the till, nevertheless show a sharpness of noses and gullies not seen in 
any other gravel on the island. 

Color. — The normal till of the Montauk member has a dull bluish or gray color, due in 
part to the high percentage of erratic fragments present and in part to the gray color of the 
quart2>-flour matrix. Probably 75 per cent of the till exposures show this color. Of the 
remainder perhaps 5 per cent are of a dull gray-buff color, in part resulting from the smaller 
proportion of granites present and in part from a slight staining of the quartz. 

In the Riverhead region some of the till is discolored by the fragments of Triassic sand- 
stone that it contains, and some has a superficial staining due to wash. On the South Fluke 
and to a less extent elsewhere much of the body of the till is colored greenish, dark gray, or 
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red by the Oardiners clay worked into it. At one or two points on the north shore quartz 
pebbles derived from the Cretaceous, the Mannetto gravel, or the Jameco gravel give the Mon- 
tauk member an abnormally light color. Chalky grayish-white shades are also conspicuous 
beneath kettles containing peat, where the till is locally bleached. 

Oxidation. — As indicated above, the Montauk is normally of a grajrish color and, except 
where exposed at the surface, presents to the eye little evidence of oxidation. In some 
of the more sandy and porous phases, however, recognized by their buff color, incipient oxida- 
tion is observed. Where it rests in its normal position beneath the Hempstead gravel mem- 
ber there is no special weathering of its upper surface, hence its unconformable contact is doubt- 
less the result of ice action rather than of subaerial erosion. Where the till was at the sur- 
face before the advance of the Wisconsin ice it appears to have been somewhat deeply weathered, 
but most of the weathered part was reworked and incorporated in the Wisconsin drift. Deep 
weathering is to be seen in some of the thick till of Montauk, Plum Island, and other localities. 

SOURCE OF MATERIALS. 

The materials of the Montauk till member are evidently of glacial origin, a large percentage 
of the fragments showing clear signs of glaciation, and the method of their accumulation indi- 
cating association with or at least close proximity to an ice sheet. The coarser materials, 
including the bowlders throughout the larger part of the member, are clearly derived from 
the area of crystalline rocks in Connecticut. The Triassic material so abundant in the district 
near Riverhead is likewise derived from Connecticut outcrops. Of the finer material, a part 
was probably derived from the deposits of Long Island Sound, but the greater portion seems 
more likely to have come from the Herod gravel member, the Jacob sand, and the Gardiners 
clay, which, as has been indicated, were all deeply eroded by the Montauk ice. The part that 
the Oardiners clay has contributed in places is clearly shown by the large quantities of colored 
olays reworked into the tiU on the South Fluke from Riverhead eastward. 

RELATION TO OTHER DEPOSITS. 

As is brought out in detail iu the sections relating to the distribution of the Oardiners 
day, the Jacob sand, and the Herod gravel member of the Manhasset formation, there is con- 
siderable variety in the relation of the Montauk till member to the underlying beds. The drift 
in some places rests conformably on the Herod gravel member (fig. 113, p. 126), but in others, 
where the erosion by the Montauk glacier was severe, it rests on the Jacob sand (fig. 93, p. 109) 
or even upon the Oardiners clay (fig. 62, p. 93). The underlying beds are almost invariably 
disturbed and in many places are highly folded and faulted. 

In eastern Long Island, as stated in more detail on pages 201, 207, and 208, there were 
several advances of the Montauk ice, the last of which folded, crumpled, and faulted the 
underlying strata, including the earlier beds of the Montauk member, but deposited little or 
no till. As a result, the Montauk member in places has an unconformable upper contact (fig. 
178, p. 153), even though the normal sequence was not interrupted, thus supplying an exam- 
ple of what may be called contemporaneous erosion. 

In the greater part of eastern Long Island the ice seems to have lingered until the closing 
stages of the Manhasset accumulation, the Hempstead gravel member, which farther west 
marks the final stage, being commonly absent, and either the original or the ice-eroded Montauk 
surface being left practically uncovered until the mantle of Wisconsin till was spread over it. 
Owing to the reworking of the surface by the ice sheet that deposited the later drift, it has been 
impossible to determine the extent of the weathering. 

STRrCTURB. 

The Montauk till member is commonly less disturbed than the underlying deposits, mainly 
because the latter received the brunt of the first vigorous advance of the glaciers, before the ice 
became overioadod with drift and b^ran to deposit. In fact, throughout the western two- 
tliirds of the island the Montauk deposits are but little disturbed, for the ice apparently never 
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regained sufficient vigor to produce either erosion or folding. In the eastern third of the 
island, however, and on the adjacent islands, the period of deposition appears to have heen 
followed by a resumption of ice activity, bringing on a period of scouring, folding, and faulting 
even more vigorous than the first. 



DISTRIBUTION. 




FiouxE 136.-- Section oii»>third of a mile east of Col- 
lie Point, showing Montauk till member (a) be- 
neath Hempstead gravel member (b). 



West of LitUe Neck Bay. — ^An examination of the cliff sections west of Little Neck Bay 
seems to reveal the presence of two sheets of till separated in some places simply by an erosion 
unconformity and in others by the unconformity and a gravel bed. This region taken by itself 
affords few certain data for differentiating the deposits, all of which might belong to the Wis- 
consin. The lower till, however, shows the tendency to make abrupt transitions and to break 
up into irregularly stratified gravels which is characteristic of the Montauk member but which 
is rarely if ever seen in the Wisconsin of Long Island. Moreover, although the exposures are 
much interrupted, the till when followed step by step toward the east, appears to become more 
definite and to pass into the bowlder-bed phase of Hemp- 
stead Harbor. It therefore seems probable that the lower 
till of the region west of Little Neck Bay belongs to the 
Montauk member. The best section was that seen in the 
bluff one-third of a mile east of College Point, where the 
relations were as shown in figure 136. 

Oreat and MarJiasset necks, North Hempstead, — On 
Qreat Neck, North Hempstead, where the cliffs are not ob- 
scured by talus nor artificially covered, traces of the Mon- 
tauk tiU member were observed here and there between 
the Herod and Hempstead gravel members, but only on Manhasset Neck were clear-cut ex- 
posures seen. Among the best of the cliff sections was that at Barker Point, on the east side of 
the entrance to Manhasset Bay. The section as observed by J. B. Woodworth * is shown in 
figure 137. The section as exposed when seen by the writer in 1904 showed the same succession 
but with more marked disturbance of the beds. 

East of Barker Point, around the north end of Manhasset Neck, the exposures, although 
poor, show traces of the Montauk till member at many points. The till is best exposed, however, 
in the gravel pits facing Hempstead Harbor, south of Bar Beach. In these pits the Montauk 
member is represented by a relatively thin bed, usually ranging from 3 to 15 feet in thick- 
ness, which is remarkably persistent, being exposed in the same position in pit after pit. The 

bed here consists of a plastic or sandy bluish micaceous clay 
matrix in which are thickly embedded pebbles and glaciated 
bowlders of various sizes, some of them several feet in diameter. 
At this point there is no noticeable disturbance or erosion at the 
contact with the underlying beds. The large bowlders are here 
a characteristic feature of the formation, a feature which becomes 
still more marked in eastern Long Island and southeastern Mas- 
sachusetts. So numerous are the bowlders along Hempstead 
Harbor that the bed may be traced, where not otherwise exposed, 
by the talus of large rocks trailing down the hillsides. Com- 
pared with those of the Montauk member, the Wisconsin bowlders 
are few and small. Heaps of Montauk bowlders in the gravel 
pits represent the unusable residue of the bed. Although in some respects among the best 
exposures on the island, the Manhasset Neck pits show the Montauk member in one of its 
weakest developments, the bed being not only thinner and less characteristic than at many 
other points but also lacking the usual accompaniment of folding and erosion. 

Hempstead Harbor to Oyster Bay. — ^Traces of the Montauk member were seen in some 
temporary exposures near Roslyn and at intervals to Glen Cove Landing. Just north of Weeks 
Point a very good exposure showing 20 feet or more of Montauk of the characteristic compact 




FiouKE 137.— Section at Barker Point, 
Manhasset Neck, a, Wisconsin till; 6, 
Hempstead gravel member; c, Montauk 
till member; d, Herod gravel member. 
After J. B. Woodworth. 



1 Bull. New York State Mus. No. 48, 1901, p. 629. 
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banded tjpe wasseen in 1904 (fig. 88, p. 108). A short distance to the north the till ^ves way 
to an equal thickness of the highly irr^ular gravelly phase of the Montauk. From this place 
to Rocl^ Point, 2 miles north of Oyster Bay, the bluffs are either obscured by talus or artificially 
covered. At Rocky Point, however, there are several fine exposures of the characteristic 
banded till of the Ifontauk member merging into semistratified gravels rest'uig unconfonnably 
on ihe Gardiners clay and the Herod gravel member of the Manhasset formation (fig. 65, p. 96) . 
At Coof)ers BIjjff, on Cove Neck, the gravel phase seems to be strongly developed, although 
obscured at the time of the writer's visit. 

Lloyd A'ect.— Near the west end of the bluffs three-fourths of a mile southeast of Uoyd 
Point there is 50 feet or more of gravel of a very unusual type (PI- XXII, B). It rests in appar- 
ent conformity on the Cretaceous, which is well exposed in the vicinity. It consists of irregu- 
larly bedded sand and gravel, the latter predominating. The pebbles are commonly from,! 
to 3 inches in diameter, but there are many layers of coarse gravel in which not a few of the 
pebbles are from 4 to 6 inches in diameter. Quartz is, relatively speaking, sparsely represented. 
The great mass of the coarser material is granitic, giving the cliff a rather dark color compared 
with most of the cliffs of the island. At several points the pebbles were found to be much 
weathered, even the larger ones falling to pieces under the hammer and some of them crumbling 
in the fingers. Elsewhere the material appeared to be relatively fresh and firm. One of the most 
noticeable features of the gravel is its semi-induration, brought out in Plate XXII, B, which, 
although a face view, shows the noses and erosion channels very distinctly. These features 
appear still more sharp when seen in profile and afford a strong contrast to the outcrops of other 
graveb. 

In its weathering the bed resembles to a certain extent the Mannetto gravel, but it differs 
from that formation in that the decay is not universal, that relatively little quartz is present 
though granites abound, that it averages much coarser in texture 
than any known Mannetto, and that its pebbles are unstained. 
The highly granitic character suggests some of the descriptions of 
the Jameco gravel as found in certain wells, but this gravel 
belongs below sea level, and in the absence of any evidence of fold- 
ing on a scale to bring it up over a broad area there seems to be 
no possibility of correlating it with the Jameco. In its texture 
and in its cementation it differs widely from the Herod gravel 
'Lto'yd'N^!^-^ta^ir»r^- niember, but on comparing it with the gravelly phase of the Mon- 
tauk till m*inbw: c, cwiftwous. tauk till member we find more resemblances. As has been 

pointed out, this member, while normally a banded till, in some places grades into irregularly 
stratified gravels, which, though nowhere exposed on so latge a scale as the gravels on Lloyd 
Neck, in small outcrops present the same appearance. In their cementation especially these 
gravels resemble those of the Montauk member, the only geologic division on the island above the 
Mannetto gravel that exhibits this feature. In fact their cementation, together with their 
pccidiar stratification, affords an almost certain means of identification. The gravels at this 
point are therefore regarded as a local phase of the Montauk till member. The exceptional 
weathering of a part of the gravels is regarded as due to the incorporation of portions of ledges 
or of older deposits in which decay was already in progress but had not yet reached the stage 
of disintegration. The correlation is made more certain by tbe presence of the Montauk mem- 
ber in its norma! phase resting against the opposite or east side of the Cretaceous knob, the 
relations at this point being as shown in figure 138. The Montauk member appears to sink 
below sea level where the beach curves toward the north half a mile farther east (fig. 175, p. 152), 
but it is seen again at several places for half a mile northwest from East Fortr Point (fig. 176, 
p. 152). The Montauk member at this point b a fine-grained, clayey, compact, semi-indurated 
till, whereas the overlying Wisconsin is a loose, weathered, and not at all indurated till, with 
many large cobbles and small bowlders. The difference in color of the two deposits was 
striking and could be perceived readily by the eye at a distance of a mile. Actinically, how- 
ever, the difference was not so great and the photograph reproduced as Plate XXH, A, does 
not show the contrast. 
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GRAVELS (MONTAUK MEMBER OF MANHASSET FORMATION!) ON LLOYD NECK. 

Showing composition and erosion. Photograph by G, N Knapp. 
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FiauBE 139.— Seclkm midway behroan Nhsequogua 
Rlrer and SloDy Brook Harbor, a, WEsnuiilntill; 
ft, BsmpstMdKniTel member; c.UonUuktUlmem- 
ber; d, Buod iisvc] member. B;D. W. Jatanioa. 



West Neck. — In the large abandoned clay pits near the south end of Uoyd Beach, on 
Cold Spring Harbor, a considerable thickness of semistratified till of the Montauk type is seen 
above the Cretaceous clay. The sections differ greatly but show a general resemblance to 
those on the north shore of Lloyd Neck. The thickness in the northerly pits is more than 30 
feet, but in those farther south it ranges from 20 to 25 feet. 

Liiile Neck, HuiUington. — Ha]f a mile south of Little Neck Point a bed of till about 20 
feet thick containing many quartz pebbles was seen above the Cretaceous clay. Its relations 
wpre not shown, but from its thickness, which would be 
very abnormal for the Wisconsin at this point, it is believed 
to be Montauk. A little farther north a till resembling this 
bed was seen above highly folded and overturned glacial 
gravels (Herod member?). The same tillstill farthernorth 
grades into stratified beds of the type characteristic of the 
gravelly phase of the Montauk member. 

Eaton Neck and vicinity. — ^Although evidences of Mon- 
tauk erosion are pronounced on Eaton Neck, few exposures 
of the drift are seen. Figure 66 (p. 97) shows a few feet of 
the banded Montauk, as exposed near the base of the West 
Beach sand spit, on the west side of the neck. Other expo- 
sures were seen about four-fifths of a mile to the north, near 
Eaton Point and aquarterof a milesouthofEatonNeck light. 

A quarter of a mile east of East Beach, which connects Eaton Neck with the mainland, the 
Montauk member was seen in the bluffs, and just west of the broad salt marsh the bluffs exhibited 

• ^. . ». . .o- • • . . .-o '■! 1^4 * considerable thickness of the Montauk, 

•^'■?*.''.i?."°5'o'?-*''^o ■"■!?•£'';* "■ -A"-^'*' separated by a sharp contact from the overlying 
brown loamy Wisconsin till. 

Fort Salonga. — In the bluffs east of the road 

leading to the beach from Fort Salonga, 3 miles 

northeast of Northport, are several fine exposures 

of the Montauk member. At the first of these, 

_^^___^__^__^^___^^^^_____^_ half a mile east of the road, 25 feet of gravel of 

10 Feet f the grayish semi-indurated and semistratified 

drift was seen beneath a few feet of structureless 

yellow Wisconsin till, A few hundred feet to the 

west the till graded laterally into gravel. The 

marked unconformity and disturbance between the Herod gravel member and the Montauk 

till member shown in figure 110 (p. 125) was near this point. A short distance farther east a 

■ fine section of indurated Montauk was noted. The Montauk was also seen above the Cretaceous 

clays west of the road to the beach. 

Smithtown Bay region. — On the neck between Nissequogue Bay and Stony Brook Harbor 
the bluffs were commonly covered with talus, but a number of sections showing the Montauk 
till member resting upon 



disturbed beds of the Herod 
gravel member were noted, 
the contact being in places 
highly irregular (figs. 139 
and 140). A similar expo- 
sure was seen in a roadside cut near the Stony Brook station {fig, 141). 

Crane Neck and OldfieU poin/a.— The exposures of the Montauk south of Crane Neck 
Point rank among the best on the island, although its relations to the other beds are not well 
shown. From 30 to 40 feet of till is here shown, the lower 20 feet consisting of massive material 
with only feeble indications of banding. The upper part gradually becomes banded and then 
laminated and finally gives way at the top to gravel. One of the features of the exposure is 
an immense bowlder over 20 feet in diameter, occurring in the middle part of the till. On 



FidUBE I4D,— Section showlDg details ot tha Uontaak-Herod tt 
lAct at Ihe kHslltj shown la figure 139. a, yontauW tlllmemb 
b, Uerod (ravel number. B; D.W. Johnam. 
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the north side of the point the bluffs are mainly talus-covered, but the Montauk till member 
appears to continue for half a mile. On Oldfield Point, 2 miles east, the exposures are poor, 
but the bluff appears to consist largely if not entirely of till, the greater part of which appears 
to be Montauk. 

Port Jefferson to Wading River. — On the east side of Port Jefferson Harbor the exposures 
are poor, but the talus seems to indicate that the Montauk till member occurs low down, pos- 
sibly extending below sea level. It probably rises inland, but it is not recognized in the big 
gravel pit south of Port Jefferson. East of Mount Misery Point, along West Beach, 20 feet 
of till was seen in places. This contains a bed of bowlders as much as 1 or 1^ feet in diameter, 
having an aggregate thickness of 4 or 5 feet. The till grades into gravel laterally and probably 
represents the Montauk member. 

From this point eastward to Wading River nothing that could be definitely correlated 
with the Montauk member was noted. The bluffs in the interval show folded and in places 
faulted sands and gravels, the disturbance being of a magnitude comparable with that pro- 
duced by the Montauk ice rather than by the Wisconsin. This feature would indicate that 
the Montauk, if present, occurs at a higher level than any exposures shown in the bluff, an 
assiunption which is borne out by the fact that the next exposure of the Montauk — at Wading 
River — is at the top of the bluffs. 

Wading River to Fresh Pond Landing. — ^Between East Tianding and Herod Point, northeast 
of Wading River, the Montauk member reappears as a semi-indurated banded till at the top 
of the bluff, having a thickness of more than 20 feet (fig. 113, p. 126), but it soon disappears 
again. That its position is above the bluff sections is indicated by the disturbed character 
of the gravels. Near Paine Landing, three-fourths of a mile farther east, a thick bed of till 
of the Montauk type caps the bluffs and covers the slopes with its talus. The underlying 
layers are somewhat warped and eroded (fig. 114, p. 126). Just west of Hulse T^nHiTig the 
foUowing section was measured in a gully: 

Section v>est of Hulse Landing. 

Feet. 

Recent: Dune sand 3 

Montauk till member of Manhaanet formation: 

Irr^ularly banded sands and gravels with bowlders 15 

Pinkish sandy clay with pebbles 1 

Gray banded till, semicemented 5 

Herod gravel member of Manhasset formation: Horizontal sands and gravels 40 

A similar section was seen in 1904 about 100 paces east of Hulse Landing at a point where 
the upper bowlder-bearing gravel was 20 feet thick and the lower till 10 feet thick, the inter- 
vening clay having disappeared. The till in this vicinity carries many large bowlders, hundreds 
of which lie upon the beach and extend out into the water, marking the former extent of the 
deposit. Some of them measure over 20 feet in diameter. A quarter of a mile to the east 
the Montauk member appears to reach a thickness of 50 to 60 feet but is of a grayish gravelly 
type rather than the usual compact partly cemented drift. From this point for half a mile 
eastward the till continues along the top of the bluff above 75 to 90 feet of the Herod gravel 
member. 

Friars Head. — ^The most typical exposure of the Montauk till member on Long Island 
was seen in the vicinity of Friars Head, about a mile north of Baiting Hollow and 6 miles 
northwest of Riverhead. Nowhere else are the cementation, banding, and characteristic ero- 
sion so well shown. The drift is about 30 feet thick and consists of a mixture of sand, 
pebbles, and bowlders with some clay, which, with the help of percolating waters, has bound 
the whole mass into a firm, compact body that resists a hanmier almost like a soft sand- 
stone. The material seems, however, to loosen under the influence of water and has been 
eroded into sharp knife-edge ridges and needle-like pinnacles resembling the typical badland 
topography. This characteristic is well shown in Plate XIX, B, in which a thin layer of loose 
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FlocEB m— SocUon otpln- 
mcle of Uontauk tU roem- 
bet Dear Frlua Head, Blus- 
tntlnc laiacilr ol matrix 
Ba BtaOHH hj projecllns 



WiscoDBin till appears on top at the left. The view shows only small erratics, but bowlders 
6 or 8 feet in diameter are seen at many places. Many of the fragments consist of trap and 
appear to have come from the Tiiassic areas of Connecticut. Some of 
them are weathered and rotten. So tenacious is the matrix that the 
bowlders stick to the almost vertical faces of the bluffs until it is almost 
entirely removed from around them (fig. 142). 

The banding of the Montauk member, which is faintly seen in a near 
view^ is much more apparent from a distance, as brought out in Plate 
XIX, B (p. 114). The banding does not depart much from the horizontal, 
although it is here and there warped into broad undulations, as shown in 
%ure 143, A near-by exposure shows the Herod gravel member beneath 
the till (fig. 115, p. 126), and a short distance to the east the Montauk is 
overlain by the Hempstead gravel member and Wisconsin till. 

Roanoie Landing to Orient Point. — ^East of Friars Head the Montauk 
member is seen at short intervals for a distance of 2 miles, to s point 
nearly north of Riverhead, being in places represented by tilt and else- 
where by gravel phases (fig. 179, p. 153). A good exposure of the gravel 
was seen in a ravine a little west of Roanoke Landing, although near by the till phase was 
well developed. The following section shows the conditions near the landing: 
Section near Roanoie Landing. 

Recent: Dune sand 10 

Hempstefkd gravel member of Manhaseet formation: Buff, inegularly atratified sand aod gravel. 20 
Uontauk till member of Manhaaset formation: Banded till with bowlders (possibly includes aome 

Herod gravel member at base) 80 

The Montauk member is reduced in thickness toward Roanoke Point, 
where it is represented by a 15 to 20 foot bed about two-thirds of the way up 
the bluff. It is in places clayey and here and there is tinged red by the wash '^ 
from sandstone fragments, which with many 
trap bowlders have been brought from the ■* 
Triassic area of Connecticut. Some of these 
bowlders reach 15 feet in diameter. The ^ 
beds under the Montauk are in places strongly 
folded. Near Roanoke Point the Montauk is 
found at the top of the bluffs and merges with 
the Wisconsin till, but farther east it is seen 
in a lower position persisting as a reddish bed ^l^JUll^i^",'^^^ 
15 feet thick at 80 to 100 feet above the beach (fig. 144). It has afforded 
large bowlders at several points. 

A poor exposure of the Montauk member banked against upturned Jacob 
sand was seen at the landing west of Jacob Point (fig. 91, p. 109), but this "*'°'^- 
member was not again observed between this landing and a point half a mile beyond Luce 
Landing, where the following section showing doubtful Montauk occurs: 




stnd gravel member: 
b, UoDtauk tUI mem- 
ber; tr Hovd grave] 



Section easl of Luce Landing. 

Feet 

Becent: Dune sand 5 

Wiaconsin: Buff till merging downward into gray till .* I 

Montauk till member of Manhaaset formation (7): Gray till I 

Herod gravel membei of Manhaseet formation: Irregularly bedded sand and gravel 60 

A section just beyond is shown in figure 145, and another a quarter of a mile farther east in 
figure 146. In neither place is it absolutely certain that the till is Montauk. The till continues 
with similar relations for another quarter of a milo and then disappears from the bluff sections, 
although it is probably present higher up in the hills, as the lower beds are strongly folded. The 
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FiouxB 145.— SectioD ball a mile east of Luoe LaDdJng. a. Dune sand; 
b, till (mainly Montsak till member); c, Herod gravel member. 



sections shown in figures 93 (p. 109) and 182 (p. 154) were observed in 1904 near Jacob Hill. 
The till was of the normal banded, semicemented type. 

The next exposure suggesting the Montauk member was seen about half a mile east of the 

west end of the Oregon Hills, where a bowlder 
bed of granites and Triassic traps and sand- 
stones appears in the middle of the bluffs (fig. 
147). The mass was stained reddish by wash 
frofii the sandstone fragments and in places 
graded into a sand. A quarter of a mile 
farther east a 10-foot bed of gray till overlain 
by cross-bedded ferruginous cemented sands 
and gravel (the gravelly phase of the Montauk T) 
was exposed. A mile southwest of Duck Pond 
Point occurs the section shown in figure 116 (p. 126). Near this point several pockets of 
bowlders were observed at the horizon of the Montauk and probably represent that member 
(fig. 148). Farther east a persistent bed of cobbles was followed for several hundred feet. 
A mile and a half east of Duck Pond Point the following section was measured: 

Section H miU^ east of Duck Pond Point. 

Feet. 

Recent: Dime aand 3 

. Wiflconsm: Bowlder till 5 

Montauk till member of Manhamet formation: Banded, semicemented sands with pebbles irregu- 
larly distributed through the mass 10 

Herod gravel member of Manhaaset formation: Gravel and sand 12 

Between the locality last mentioned and a point a quarter of a mile south of Inlet Point, 
northwest of Greenport, large quantities of till were seen, much of it crowded with bowlders. 

The washing 
away of the 
finer parts of 
the till has left 





a thick fringe of 

bowlders iJong 

the beach, in 

some places 

piled in great 

heaps. The ex- 
posures do not in general permit the differentiation of the Montauk member from the Wiscon- 
sin, but it is thought that a considerable part of the material may belong to the Montauk. 



FlousB 146.— Section th r e e quar tera of a mile 
east of Luoe Landing, a, Dnne sand; 6, fine 
banded till (Wisconsin or Montauk); e, Mon- 
tauk tin member; d, Herod graTel member. 
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FiouBE 147.— Section at Oregon HiUs, showing layer of cobbles and 
bowlders, presumably representing the Montauk till member. 




FiousE 148.— Section near Duck Pond Point, 
showing fault and bowlder pocket (Montauk till 
member) in grareb of Manhasset formation. 




FiGUBE 149.— Section a quarter of a mile south of Inlet Point, showing relation of 

Wisconsin till to Montauk till member. 



The accompanying section (fig. 149) shows the relation of the Wisconsin and Montauk at a 
point a quarter of a mile south of Inlet Point. In general the Montauk appears to be a pebbly 
rather than a bowlder till. 

From Inlet Point to Orient Point much the same conditions prevail. The Montauk member 
for the most part can not be separated from the Wisconsin till with certainty, although the thick- 
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neas of the mass at many points and the extent to which the underlying beds have been folded 
seem to prove that the Montauk is represented (fig. 96, p. 1 10) . A bowlder pocket similar to those 
formed at Oregon Hills and vicinity was noted three-fourths of a mile south of Rocky Point 
(north of Greenport)| resting in a depression in the Montauk. This pocket deposit was of a type 
transitional between the till and ordinary gravely consisting of interlaminated sand and clay 
with pebbles and smaU bowlders scattered through it. 

East WiMston, — ^Near the village of East Williston, about 3 miles south of the head of 
Hempstead Harbor and about a mile south of Ronkonkoma moraine, a clay pit in a shallow 
depression of the outwash surface exhibits the following section: 

Section in clay pit at East Williston .^ 

Feet. 
SoU 1.5 

* 

Sand, gravelly, with quartz and granitic pebbles, locally reddened : . . . 

Clay, Bandy, with quartz pebbles 8 

Clay, sandy, in yellow band 

Clay, blue, finely laminated, rarely with quartz pebbles; exposed 3 

In addition to the quartz pebbles the writer found in the pit many small pebbles of rotten 
granite and in a near-by well a greenish biotitic sand such as would be expected to result from 
a decomposed bowlder. Heinrich Ries' reports unidentifiable stems and leaves. The bed is 
of small extent, weUs a mile away generally failing to encounter it. 

The age and origin of this clay present a rather puzzling problem. Ries and Crosby seem 
to refer it to the Tertiary, but recent observations show that it not only contains glacial pebbles 
throughout but is also underlain by glacial gravels. In all probability it is to be referred to 
the Montauk member of the Manhasset or to the Wisconsin till, representing reworked Cretaceous 
materials, Gardiners clay, or deposits of the Vineyard interval. In favor of the Montauk origin 
may be mentioned the clayey character of the material and the advanced decay of the granites, 
although these might represent older deposits reworked into the Wisconsin. Against the 
Montauk origin is the altitude of the bed (150 feet), which is somewhat greater than the normal 
elevation of the Montauk member in this region. On the other hand, the altitude is what 
might be expected of an extramorainal deposit of Wisconsin till, but against the Wisconsin origin 
may be urged the thickness of the deposit, its extent (apparently half a mile or more), and its 
clayey character, all of which are abnormal for lenses of the later drift. On the whole the 
writer feels that the deposits will most likely prove to be Montauk. 

Half HoUow Hills. — ^An examination of the materials forming the terrace-like top of the 
Half Hollow Hills discloses irregularly bedded gravels considerably coarser than the gravel 
members of the Manhasset and containing scattered bowlders, now seen on the terrace surface 
and on the slopes and at the foot of the hills. The largest bowlders were noted on the road lead- 
ing into the hills IJ miles northeast of Wyandanch. The materials of the hills most nearly 
resemble the Montauk member, with which they are provisionally correlated. 

Middle Island region. — ^The surface of the region between Coram and the headwaters of 
Peconic River is characterized by many bowlders and some patches of material resembling 
till. Inasmuch as there is considerable Wisconsin drift in the region, as indicated by the 
superficial morainal topography and the obstruction of the Manhasset valleys, it is difficult 
to differentiate the surface material, but it is thought that a part of the bowlders and till may 
represent the Montauk member. 

Red Cedar Point. — On the South Fluke, which is here assumed as starting at Riverhead, 
the first recognizable exposure of the Montauk member to the east appears about a mile east 
of Red Cedar Point and about 6 miles east of Riverhead. The till appears to begin almost at 
the west end of the bluffs but is not well exposed for some distance. About a quarter of a 
mile from the beginning of the cliffs, however, a fine exposure of highly folded and overturned 

» Woodworth. J. B., Bull. New York State Mus. No. 48, 1901, p. 645. « Trans. Now York Acad. Sci., vol. 12, 1893, pp. 40-47. 
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FiousE 150.— Section 2 mfles northwest of Shlnneoook 
CanaL a, Wisconsin till; b, banded clay till with bowl- 
den (belongs to Montauk till member); e, banded clay 
and pebble till (belongs to Montauk till member); 
tf, bowlder pocket. 




Montauk and other beds was seen (fig. 150). The Montauk at this point is very clayey, 
consisting of alternating bands of gray and red clayey sand in which are embedded large num- 
bers of bowlders of Triassic trap and red sandstones with some granite. The clayey character 
is believed to be due to the reworking of the underlying Gardiners clay and Jacob sand into 
the till. The mass is superficiaUy stained a distinct red by wash from the weathered Triassic 
fragments, but internally it is of a buflF or gray color. The beach in front of the exposure is 
paved with trap bowlders. 

ShinnecocJc Hills and vicinity, — About half a mile east of Shinnecock Canal, in an old clay 
pit, on the shore of Great Peconic Bay, is an exposure of a pebbly clay type of Montauk till 

overlying and plain- 
ly derived from the 
Gardiners clay. In 
the hill north of Cold 
Spring Pond, 1 J miles 
farther northeast, the 
usual compact band- 
ed type of Montauk 
till was noted at sev- 
eral points. The full 
thickness was not ex- 
posed, but it is known to exceed 30 feet (fig. 183, p. 154). Bowlders of the Triassic formations 
continue to be conspicuous. 

Jessup Neck. — On the west side of Jessup Neck, near the north end of the exposures, 
the section shown in figure 184 (p. 154) was seen. The material is a brownish till-like mass 
of bands of red and gray clay, in which pebbles and cobbles with some Triassic bowlders are 
irregularly embedded. The Montauk ice after depositing this mass seems to have become 
more vigorous and to have both folded and eroded the material it had laid down, so that the 

overlying Hempstead gravel member lies unconformably across the 
top. The surface of the exposure is stained red by the wash from 
the red clay and Triassic material. 

Hog Neck. — A quarter of a mile south of the north end of the 
bluffs on the west side of Hog Neck, 3 miles northwest of Sag Har- 
bor, several feet of greenish-blue clayey till containing both erratic 
pebbles and broken fossils 



10 feet 



FiQUSB 151.— Section on west side of Hog Neck, 
northwest of Sag Harbor, a, Overturned fold of 
sandy clays with erxatio pebbles representing re- 
worked Gardiners day and belonging to the Mon- 
tauk till member; b, Herod gravel member. 
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FiouBV 152.— Section on west side of 
Hog Neck, northwest of Sag Har- 
bor, a. Till; 6, overturned fold of 
contorted sandy clay with erratic 
pebbles representing reworked Oar- 
diners clay and belonging to the 
Montauk till member; c, Herod 
gravel member. 



was seen, the whole result- 
ing from a reworking of 
the imderlying Gardiners 
clay with a certain admix- 
txire of foreign material. 
The bed is much folded 
and contorted, standing 
out in the cliffs with the 
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FioiTSE 153.— Section nesr Hog Creek Point, on South Fluke, 
showing Hempstead gravel member resting on Montauk till 
member. 



relations shown in figures 151 and 152. A quarter of a mile to the south a gray to bluish-gray 
till (Montauk ?) is seen below an upper rusty yellowish to buff till representing the Wisconsin, 
the two being separated by a very sharp contact. 

Cedar Point. — ^About two-thirds of the way between Cedar Point and Sammys Beach, 
some 5 miles northeast of Sag Harbor, typical banded till of the Montauk member was seen 
associated with highly folded and faulted gravels, the relations being as indicated in figures 
119 (p. 127) and 121 (p. 128). 

Hog CreeJc Point. — ^The bluffs between Sammys Beach and Hog Creek Point were generally 
covered with talus, but the greater part of the material appeared to be till, with some banded 
or even well-stratified layers, which, however, merge into true till. At the head of the point, 
near Lion Head Rock, till of the Montauk type was seen in broad low folds, the relations being 
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as shown in figure 153. Similar relations appear to continue, though less satisfactorily exposed, 
at intervals to the end of the bluffs near Fire Place. Above the till at several points is a series 
of sands involved with the till in broad open folds (fig. 154). Their character and position 
are typical of the Hempstead gravel member, but the folds have been beveled off at the top 
in a manner exactly analogous to the erosion produced by tbe final readvance of the Montauk 
ice, and the gravels may be simply a phase of the Montauk member. 



**'-*■ ?'■ ^^'^t'-'^'v/i^*'*"'"**''"^*^. 



FiovKB lU.— Sflctlon 1 mOe WMt ot Hocky Paint, Uan- 
Uuk, ibavlng hcd ot buided yonUuli tlU memlM 
beneath layer of gnmllic gTBTel and oobbks BDd gn- 
nitlc and and gravel (Uempstead gisTel oHinbai). 



Montauk peninsula. — Between Fresh Pond and Quince Tree Landing, at the east end of 
the bluffs on Napeague Bay, the Montauk member was seen poorly exposed in the upper part 
of the bluffs. It is at least 15 feet thick and may be considerably thicker, as there are indica- 
tions that it may in places extend down to the beach. Just south 
'^'^ of the landing an exposure showing the Montauk member in a broad 




Ftoni 156.— Seotkni t mOe mit of 
Rockf Point , MoDtauk, shoving inter- 
calated bed of gravel In Uoauuk till 
member. 



Pioimi 1S7.— Section half a m 
Htnd and clays In Montauk (il 
i, gravel; i, sen 



ol Calloden Poll 



_K)OFeet 

b, Uontauk, ibonlng intemaUlad 




fold was seen (fig. 109, p. 124). Figure 155 shows folded beds of the Montauk member, as 
seen half a mile west of Rocky Point. A near-by section (fig. 156) showed a layer of gravel 
interbedded with till of the Montauk member. Strong talus slopes of till character are seen 

at Rocky Point and vicinity. 
/•«|t«? From Fort Pond to Culloden Point the 

bluffs are largely covered by talus, but till, pre- 
sumably of the Montauk member, seems to be 
predominating material. There are indica- 
tions that thin strata of both clay and sand 
are interbedded with the till (fig. 157). Near 

Hempstead member; *, aand, with greenish cta>-ey iamitUB, belonging posed foF aome distance at the base of the bluff . 

!^™™^; d,™^i^;^^"Z''^rj;^\>S™n^o^™u Its upper surface is very irregular, but whether 

lajBratlopoI)iIontaukttllm«mber;^,sandjandgiBv«la(downIauited the irregularity 13 duC tO erOsion OF tO foldmg 

beds o[ Hempstead meraher7);/,faiil(ed banded beds ol Montauk till ij _ ■ u j . - j /i;_ lan _ im «_ 

member: J, ^iratlfled drift olMonuuk member. COuJd not be dctennmed (fig. 187, p. 155). An 

exposure showing what appears to be Montauk 
tilt member banked against folded beds of the Herod gravel member is shown in figure 124 
(p. 128). 

At Shagwong Point and at the headland just east of Oyster Pond 10 feet or more of 
indistinctly banded Montauk till member was seen in the lower part of the bluffs beneath 
reddish clay, apparently a local phase of the Montauk, from the wash of which it is stained 
red in places on its exposed surfaces. A quarter of a mile east of the second headland a con- 
siderable thickness of the Montauk was observed resting above a dark chocolate-colored clay 
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FWVBS 150.— Sectkn «rath0i8t of Montenk Light, a. Till phase of Montaok till member; ft, 
bowlder pocket; c, eaiid and day phase of Montaok member; d, clayey sand phase of Hemp- 
■lead sravel member; e, normal sandy phase of Hempstead gravel member. 
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assumed to be the GardinerB clay. The drift consists of an upper banded tQl of the type 
characteristic of the Montauk and a lower more gravelly phase grading laterally into gravel, 
as shown in figure 76 (p. 99). 

The Montauk till member appears again a little southeast of False Point in folded masses 
with dips as high as 30^ in places. Some of the exposures were very clear and sharp in 1904. 

Toward the southeast the till 
sinks below the beach, but it 
rises again near the lighthouse 
(fig. 174, p. 151). The tiU at 
this point contains many large 
fragments and is somewhat 
banded but is not much ce- 
mented. It grades upward 
into a banded clayey till with 
many erratics. 

In the inmiediate vicinity of the Montauk lighthouse the Montauk member is seen in a 
thick bed at the base of the bluff, where it has the characteristic banded development. The 
profile of the extreme point, look- 
ing east, was in 1904 as shown in 
fi^re 189 (p. 155). Figure 158 
(p. 143) illustrates the complexity 
of the exposures just north and fig- 
ure 159 shows the conditions imme- 
diately south of the lighthouse. 

From Montauk Point south- 
westward to the point marking the 
abrupt change in the direction of the coast line to a more westerly bearing the exposures of 
the Montauk member are almost continuous. Among the features of interest in this stretch 

is a thick bed of dark-brown to red clay interbedded 
and folded with the till of the Montauk member at a 
point about \\ miles from the lighthouse and half a 
mile from the southerly point mentioned. Its rela- 
tions are shown in figure 160. 

West of the bend in the coast just mentioned 
the Montauk is almost continuously exposed for"" 
nearly a mile (fig. 192, p. 156). In places nothing 
but tQl is observed in the bluffs, although it is here divided into an upper loose buff to brown 
till, probably Wisconsin, and a much thicker banded mass belonging to the Montauk. The 
section is represented in figure 
161, which shows the two tills 
and the gradation of banded 
into massive Montauk till. Half 
a mile farther east the Montauk 
shows a thick lens of sand and 
gravel, not unlike the Herod or 
Hempstead members, between 
two beds of drift (fig. 162) . The 

lens is practically undisturbed, the stratification still retaining its horizontal position. A 
feature of the Montauk in this region is its whitish color beneath kettle holes containing peat. 
Though ordinarily of a buff color, it is here bleached to a chalky white, the difference in color 



FiOTTHK leo.— Section 1| miles southwest of Montaok Light, showing red clays interca- 
lated in till of Montaok till member, a, Hempstead gravel member ( 7 ). 




FlouBX 161.— Section 1] miles soathwest of Montaok Light, 
showing gradation (from left to right) of banded and massive 
Montauk till member and its relations to the overlying Wis- 
consin. 




lOO Feet 



FiauBE 162.— Section 2 miles southwest of Montauk Light, showing lens of stratified gravel in 

Montauk till member, a, Wisconsin till. 
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between adjacent masses being noticeable even from a distance. Figure 59 (p. 89), shows the 
Montauk resting on upturned and eroded sands, gravels, and clays. 

Between Ditch and Fort plains there appears to be another almost continuous exposure of 
the banded till of the Montauk member, but the outcrops are more obscured than farther east 
(fig. 191, p. 156). The upper part seems to be a thin coating of Wisconsin till, which at one 
place thickens to 25 feet, comprising nearly half of the bluff. Toward the west end of the 
bluffs the Montauk is seen in con- 
tact with the underlying gravel. 
West of Fort Pond the 1" " 
of the south coast i 
duplication of those near Montauk 
Point, except that the gravelly 
phase of the Montauk is more com- 
monly present. There is generally 
a sharp demarcation between the Montauk and the overlying Wisconsin (fig. 163). The 
Montauk till is not uncommonly interbedded with stratified clay, sand, and gravel (fig. 164), 
some of the beds of which refcch in places a considerable thickness. 

The strong development of the 
Montauk member on Montauk Point, 
the profiles of the bluffs now cut in the 
south coast, and the offshore rocks and ' 
bars all point to a former extension 
of the Montauk member considerably 
farther south. It is not improbable 

I — " *" . that the Montauk ice sheet extended 

FKDmi iM.— statiDQ oa loath iida of Uontaok puiicniu batmen NapMgns wid some distance into the sea, and in that 

Hither PUinlll^^iTfiieiUUDiu. sbowlDglnurcalaMd cUyj, MDds. utd cnvtb 10 _ _ i ir _i i_ i.:ii :f _ x 

UoatMk toi manbiir ■ -* j , . h. ^^^ more or less Montauk till, if not 

eroded by the late Manhasset ice or in 
the Wisconsin stage, would naturally be found south of the moraine or even beneath the sea. 
The only known evidence of such extension is the uncovering of bowlders and other glacial 
material by the waves along the coast in the vicinity of Kasthampton, noted by Mather.' 




#^^R 



Robing Island. — There does not seem to be any strong development of Montauk on the 
west side of Robins Island, for although the beds are folded and faulted as if by Montauk ice, 
only a thin layer of till, which might be either Montauk or Wisconsin, is seen at the top. Some 
of the gravels contain considerable quantities of clay intermingled with the ^ains in the sands 
and show more cementation than elsewhere occurs in the Herod gravel member. The same is 
true to an even greater extent of some of the gravels of the east shore and it is not unlikely 
that both may represent the gravelly phase of the Montauk. Near the north end of the bluffs 
on the east side the banded-till phase of the Montauk is locally well developed, although the 
complexity of the disturbance makes its relations uncertain. Figures 165 and 166 represent 
the conditions of the exposures in 1904. 

SheUer Island. — Bluff exposures showing the Montauk in section are not known on Shelter 
Island, although it seems probable that the Montauk occurs under the talus in the lower part 
of some of the bluffs. If so, it is likely to be exposed in any storm. The surface till of the 

' KatlMr, W. W., Oanloiy of Nrw roik. pt. 1, 1M3, p. ie&. 
1829*— 14 11 
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FIOXTRB 167.— Section at south end of Boetwick Bay, Oardinen 
Island, a, Wisconsin till; b, banded till of Montauk till member; 
e, tbin layer of green to black clay (Montauk); d, sand and gravel 
(gravel pbase of Montauk till member); r, Uerod. gravel member. 



southern half of the island, especially in the low till plains of the east and south coasts, is 
regarded as probably Montauk, as its thickness is much greater than it seems possible to ascribe 

to the Wisconsin, which is thin elsewhere. 

Oardiners Island. — Traces of banded till re- 
sembling the Montauk were visible at many points 
on the southwest coast of Gardiners Island, but 
no clear-cut exposures were observed. On the 
northwest coast between Cherry Hill Point and 
Bostwick Bay a very good exposure of the strongly 
folded and leveled Montauk member was seen, its 
relations being as indicated in figure 167. The contact between the till and the overlying gravel 
phase is marked by a layer of dark-green to black clay from 3 to 5 feet thick, resembling in occur- 
rence that at Shagwong Point, 
on Montauk. In fact, the Mon- 
tauk member of Gardiners Island 
presents many strong resem- 
blances to that on Montauk 
peninsula. 

On the northeast coast the 
Montauk member is commonly 
absent, although its horizon is in places marked by erosion unconformities or by bowlder pockets 
or layers and near the north end a thick bed is involved in a large fold (fig. 168). Near Whale 

Hill it again attains a considerable thickness and is infolded 
with the other beds, as shown in figure 80 (p. 100). At 
one point a stratum of red clay several feet thick is inter- 
bedded with the till (fig. 169), again suggesting conditions 
similar to those shown in figure 160 (p. 144), at Montauk^ 
Near Eastern Plain Point the Montauk forms in places the 
greater part of the exposures and contains two persistent 
beds of red clayey sand about two-thirds of the way up 
the bluff. These clayey beds tend to confuse the sec- 
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FiouBK 168,— Section near north end of bluffs on northeast shore of Oardinen Island, showing 
folding of bed of banded till of Montauk till member with the inteioalated clay. 




FlOXTRE 169.— Section east of Whale Hill, Oardiners 
Island, showing intercalated bed of red clay in till of 
Montauk till member. 



tion because of their resemblance to the 
Gardiners clay. Folded Montauk mate- 
rial is again exposed near the south end 
of Tobacco Lot Bay. 

Plum Island, — ^The north shore of 
Plum Island does not afford any good 
exposures of till, although there are indi- 
cations that not less than 20 feet of this 
material is present in places, the greater 
part of it probably being Montauk. The 







FiGUHE 170.— Section near west end of bloffs on sooth side of Phim laltBA. a, 
Grcenish clay with granitic pebbles (Montauk till member?); b, bsnded 
Montauk till member; c, Herod gravel member. 



southwest comer of the island consists of a broad bowlder- 
strewn plain, which rises toward the east, exhibiting till 
of the Montauk type in the bluff sections. It is overlain 
by a greenish clay containing pebbles similar to those in 
some of the exposures on Gardiners Island and on Montauk. 
The whole plain, except perhaps a thin superficial coating 
of Wisconsin material, is regarded as belonging to the Mon- 
tauk member. On the cast the drift abuts against an eroded 
surface of the Herod gravel member, as shown in figure 170. 
From this point east to Fort Terry no good exposures of the 
Montauk were seen, but a quarter of a mile east of the fort it reappears with the relations 
shown in figure 171. The bowlders on top of the section are probably Wisconsin. East of 




TlOXTSS 171.— Section east of Fort Terry, Plum 
Island, a, Wisconsin bowlders; 6, Hempstead 
gravel member(?); c, Montauk till membcr(?); 
d, Herod gravel member. 
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FiQXTBE 172.— Sectioneast of Fort Teiw 
ry. Plum Island, showing bowlder 
of Montaok till member arrested 
while plowing along tho surfooe of 
Herod gravel member. 



this exposure the Montauk appears resting across the eroded edges of the Herod gravel 
member and the Jacob sand, as is shown in figure 104 (p. 111). One exposure showed a large 
Montauk bowlder stranded in process of plowing its way through the underlying gravel (fig. 172). 
The rest of the bluffs on the east end of the island are artificially covered. 

Fishers Island, — On Fishers Island the Montauk member is of somewhat unusual character, 
although. the exposures are typical of certain well-defined phases near the type locality. The 
member has been recognized above sea level at only two points — at 
the West Harbor exposures and in the bluff three-quarters of a nule 
northeast of the north end of Isabella Beach. The "bowlders" 
reported in the Ferguson well probably belong to this member. 

At the West Harbor exposure (fig. 173) the Montauk is probably 
represented by the heavy bed of tiU resting unconformably on the 
upturned and eroded edges of the Jacob sand and the Herod gravel 
member. 

At the second locality mentioned the exposures show "a series of 
beds of clayey sand alternating with beds of pebbles about the size 
of a hen's egg occurring in a matrix of clay or clayey sand. Both 
sand and gravel show the peculiar mixture of coarse grains or pebbles 

with fine silts that is characteristic of rapidly formed and only partly assorted deposits such as 
accumulate at the margin of glaciers. The deposit imquestionably belongs to the Montauk sub- 
stage, representing certain of the more aqueous phases of deposition. A little farther north, 

although the contact is not 
seen, the semistratified de- 
posits appear to be replaced 
by tiU. 

Deposits penetrated hy 
wells. — Although the Mon- 
tauk was not recognized as 
a distinct member during 
the first season's field work, 
it was well known that there was a bowlder bed in the middle of the Manhasset formation at 
many places, and it was looked for in the well records. The compactness of the member, the 
presence of bowlders in it, the large number of granitic pebbles that it contains, and its clayey 
constitution are all helpful in its recognition, and the writer feels that he can identify it in 
many records in which its presence was not originally suspected. Its occurrence in wells is 
summarized in the table on the next page, compiled from the records in Veatch's report on 
the water resources of the island. 
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FiointE 173.— Artificial section near the steamboat landing on west side of West Harbor, Fishers 
Island (1904). a, Till (Montauk till memberT); 6, gravel (Herod gravel member); c, gray clayey 
sand (Jacob sandT); d, gravel (probably lens in Jacob sand). 
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Montauk till member of Manhasset formation in the wells of Long Island. 



No.' 

23 
29 
37 

38 

62 
71 
99 

135 

137 

141 
151 
176 

186 
199 
200 
220 
223 
236 

237 

246 

258 
273 

357 
864 



366 
373 

378 
402 
403 
404 
421 

422 

436 
446 
456 
467 
465 
469 
481 
483 
484 
485 
629 
707 
736 
737 
744 
745 
749 
750 
751 
762 
756 
760 
768 
709 
786 
797 

864 
861 
875 
883 

885 
890 
896 



Locality. 



Owner or place. 



Brooklyn. 

...do... 

....do... 

...do... 



....do 

....do 

Long Island City. 



East New York. 
....do 



...do 

Flushing 

North Beaoh. 



TaUman Island. 
Jamaica South. 

do 

Hollis 

Dunton 

Bayside 



.do. 



Elm Point. 



Hewlett Point. 
Hewlett 



Port Washington. 
do 



do 

Long Beach. 



Rockville Center. 
Greenwich Point. 
Uempstead 

.QQ 

liineola 



.4lbertson 

Roalyn 

OlenHead 

Locust VaUey 

Olen Cove 

Dosoris 

do 

Lattingtown 

do 

do 

do 

West Neck 

Brentwood 

Lake Ronkonkoma. 

, ....do 

LakeOrove 

do 

St. James 

do 

do 

do 

do 

Setauket 

Crane Neck 

Old Field Point.... 

FarmingviUe 

Echo 

Huke Landing 

Baiting Hollow 

Quogue 

North Sea 

Shelter Island 

de 

do 

East Marion 



Fifth Avenue and Eight- 
eenth Street. 

Dean Street and Vanderbilt 
Avenue. 

Bartlett Street and Harrison 

A. VfiQUA 

Bartlett street and Flashing 
Avenue. 

Ten Eyek Street 

99 North Eleventh Street . . . 
Orove Street 



New Lots Road and Foun- 
tain Avenue. 
Brooklyn test well No. 4 

Brooklyn test well No. 5 

CItixens' Water Supi^y Co. . 
Bowery Bay BuUdmg Asso- 
ciation. 

Railroad test boring 

Oconee pumping station 

Baislev pumping station 

Brooklyn test well No. 7 

Montauk Water Co 

Commission test well 



.do. 



H. B. Gilbert. 



G.B.Wilson 

Queens County pumping 
station. 

T. Valentine 

C.H.Mason 



Dodge estate 

Long Beach Association. 



Commission test well. 

....do 

....do 

....do 

....do 



....do 

Mrs. I. Vowman 

A. A. Knowles 

Friends' Academy. . . 

F. E. WOlets 

W.M.Valentine 

D. F. Bush 

L.C.Wier 

E. Latting 

W. D. Gutherie 

do 

Mrs. M. H. Clats 

Commission test wdl. 

William Ralston 

J.Weber 

John Morrissey 

Irving Overton 

Commission test well. 

Father Ducy 

Jerome Saxe 

D. Emmett 

Commission test well. 

W.Rowland 

John Thatcher 



Depth of 
formation. 



AngiistFoch 

Commission test well. 

J. H. Darlington 

C. H.Wells 

Quantuck Water Co.. 

C. W. Payne 

Ulmer 

J.N. Steams 

Manhasset Hotel 

W. F. Fursts 



Feet. 
35-45 

56-81 

65-150 

31- 73 

5 0-52 
6Q-100 
33-58 

98-118 

97-141 

192-216 
90- 
20-32 

30-57 
56-115 
5fr-97 
15-69 
8-64 
17-55 

0-65 

0-56 

20-36 
33- 54 

53-60 
18-52 



16-22 
76-82 

4^52 

2- 3 
10- 11 

3- 
7-26 

3-21 
50-53 
60-75 
80-87 
20-44 
76-79 

7-15 
60-63 
60-63 
60- 64 
38- 
10-25 
45-60 
22-25 
38- 

17- 45 
45-52 

6- 45 

0-60 

0-160 

0-30 

5-70 

0-60 

10-50 

O-40 

58-62 

50-60 

35-60 

50-51 

3- 5 
8- 10 

14-20 

15-27 

8-20 

18- 22 



Character of materials. 



Reddish-brown bowlder clay 

Brown sand and bowlders 

Red day with large bowlders , 

Sand and granitic clayey gravel 

day, sand, and bowlders 

Blue day, gravd, and bowlders 

Hard, cemented hardpan and reddish- 
brown sand and graveL 

Reddish-brown sand and gray grav- 
elly clay. 

Dirty-gray sand and gravel and gray 
pebmy day. 

Gray clay and granitic silty sand 

Blue stony day 

Compact mixture of sand and gravd. 

Till, with interbedded sand 

Grayish to dark-reddish brown sand.. 

Gray sand and gravd 

Granitic sands and gravd 

Blue clay and grav sand and sravel. . . 
Black clayey lana and reddisn-brown 

sand and gravd. 
Light to dark sandy days, sands, and 

granitic gravd. 
Yellow clay with bowlders, gray sand, 

and gravd. 

Stony day 

Gravdly day and dirty sand and gravd. 

Bowlder till 

Black marl, loam, with pebbles and 

oyster sheUs (probably reworked 

Gardinersday). 

Bowlder till 

Quarts gravd, with pieces of blue clay 

oontaming sand and graveL 

Sand and gravel, with bowlders 

Tough, sandy day, with bowlders (7) . 

Gray sand and glacial d^yris (?) 

Dark sttt to cobbles (7) 

Yellow day, sand, and gravel, with 

bowlders. 

do 

Sand, with thin lajrer of bowlders 

Sand and day 

Brown clay 

Hardpan, with bowlders 

Hardpan 

Blue day, with pebbles, hardpan 

Red clay and gravel, hardpan 

Red clay and gravel 

do 

Large bowlders 

Hardpan with sravd 

Coarse gravels, tiiaihly granitic 

Black hardpan with pebbles 

day without bowlders 

Coarse sand and Urge cobbles 

8 totiy gravel 

Dirty gray sand and gravd 

Hara|wn and bowlders 

Stony gravd and clay, hardpan 

(hoarse gravd 

Gray sand and granitic gravd 

Hardpan and gravd 

Gravel with streaks of hardpan 

Hardpan 

Hard stony yellow hardpan 

Dirty-gray granitic gravd 

Dark-red clay and black sand 

Cemented clay and gravel 

Sand, clays, and bowlders 

Hardpan 

do. 

Hard mixture of clay , sand, and gravd 

Hardpan, with sand bed 

Hard-packed sand and gravd 



Name used in original 
reeonis. 



Wisconsin and Tisbury. 

Do. 

Sankaty. 

Wisconsin and Tisbury (?). 

Wisconsin. 

Sankaty (r)and Jameoo (?). 

Wisconsin or Tisbury. 

Tisbury (?) and Sankaty. 

Tisbury and Sankaty. 

Sankaty. 

Do. (?). 
Wisconsin to Tisbury (?). 



Pleistocene. 
Tisbury. 

Do. 
Wisconsin and Ttsbufy. 

Do. 

Do. 

Wisoooaln. 

Wisconsin and Tisbury. 

Not correlated. 
Sankaty (?) 

Manhasset bowlder bed. 
Notoomlatsd. 



Manhasset bo«dder bed. 
Sankaty. 

Wisconsin and Tisbory. 

Do. 
Wisconsin. 

Do. 

Do. 

Not oonelated. 
Manhasset bowlder bed. 

Do. 

Do. 

Do. 

Do. 
Wisconsin. 
Manhasset bowlder bed. 

Do. 

Do. 

Do. 
Wisconsin and Tisbury. 

Do. 

Do. 
Pleistooeoe. 
Wisconsin and Tisbury. 

Do. ^ 

Not corrdated. 
Wisconsin. 
Pleistooene. 
Not correlated. 
Wisconsin and Tisbory. 

Do. 
Not corrdated. 

Do. 
Tisbury. 
Not correlated. 
Sankaty. 
Wisnonsin and Tisbury. 

Do. 
Not corrdated. 
Wisconsin and Tisbury. 
Wisconsin. 

Wisconsin and Tisbory. 
Wisconsin. 



a Numbers refer to well records in Prof. Paper U. S. Geol. Survey No. 44. 



bin part. 



The differences between the correlations of Veatch and those of the writer, as brought out in 
the last column of the table, seem to be due to the fact that the existence of the member, further 
than the bowlder bed mentioned, was unrecognized at the time of the preparation of the report 
on the water resources, many of the beds being included by Veatch with his Sankaty (Gkurdi- 
ners clay) because of their clay content, no other clayey member then being known. The 
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absence of any information as to the great unconformity and the consequent abrupt changes 
in level of the beds also tended to make the recognition of the member very difficult. 

Among the well records in which the Montauk till member is recognized the following are 
of especial interest: Well at Bartlett Street and Flushing Avenue, Brooklyn (No. 38), given 
under Jameco gravel on page 86; railroad test boring at Tallman Island near College Point 
(No. 186), given under Herod gravel member, on page 131 ; the G. B. Wilson well, near Hewlett 
Point, at the west side of the entrance to Manhasset Bay (No. 258), given under Jacob sand 
on page 112; and a well on the Dodge estate near Port Washington (No. 366), given under 
Jacob sand on page 113. 

The following is a record of a well near Bayside: 

tS7. Record ofcommisnon^s test well near Bayside, } 

Wisconain drift, or Hempetead gravel member of Manhaaset formation: PMt. 

Yellow sandy clay 0-2 

Yellow clayey sand with some pebbles 3- 5. 5 

Montauk till member of Manhasset formation: 

Dark clayey sand 10-18 

Mottled sand and gravel (pronouncedly glacial) 20-29. 5 

Multicolored sand and gravel similar to that found below the blue clay on the south shore . Z^SQ 

Dark-yellowish clayey sand (glacial) 40-46 

Dark, multicolored fine to coarse sand (glacial) 49-65 

Herod gravel member of Manhasset formation : 

Fine to coarse^yellow sand with very little glacial material « . 65-66 

YeUow sand and small gravel with many fragments of ferruginous concretions 70-71 

The records of the wells penetrating the somewhat doubtful materials at East WilUston 
and vicinity may also be inserted at this point: 

4tl. Record of commission's test well near East Williston. * 
Wisconsin: FMt 

Very dark brown surface loam - 0. 8 

Reddish-brown loamy sand 2.7-2.9 

Montauk till member of Manhasset formation (?): 

Yellow clay and bowlders 7. 5-13. 2 

Light yellowish-white sand and gravel 17. 5-18. 5 

Reddish-yellow silty sand 22. 5-23. 5 

Very black sand, full of mica, looks Uke ground-up bowlder 25 -26. 5 

Herod gravel member of Manhasset formation (?): 

Fine to medium yellowish-white sand 30 -36 

Pine yellowish-white sand to medium gravel 40 -41 

Small light-colored gravel (considerable percentage of glacial material) 41 -42 

Fine to medium yellowish-white sand 45 -61 

Small light-colored gravel with glacial material 54 -56 

4^2. Record of commission' s test well near Albertson. ' 

Feet. 

Recent black loamy clay 1. 7- 2. 3 

Montauk till member of Manhasset formation (?): 

Brownish-yellow clay with a few pebbles very similar to the clay at East Williston. . . 3 - 3. 5 

Brown and yellow clay with reddish-brown sand and gravel (glacial) 8 - 9. 5 

Dark-grayish sand with much fresh biotite; evidently debris from a glacial bowlder. . 10. 5-11. 5 

Yellow clay, sand, and gravel ("bowlder clay") 15 -21 

Herod gravel member of Manhasset formation (?): 

Sand and coarse gravel (glacial) 23 -24 

Fine yeUow sand with a noticeable percentage of glacial material 27 -37 

AGE. 

The Montauk till member was clearly deposited, as its character indicates, either beneath 
or at the margin of an ice sheet. Although in certain parts of Long Island, especially near the 
east end, there are indications of several advances and recessions of the ice, there is no evidence 

> Numben refer to Veatch's report. Correlations by M. L. Fuller. 
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such as soil zones or features due to subaerial erosion to indicate any great lapse of time between 
them, and the period of deposition of the Montauk member is therefore to be regarded as a unit. 

The Montauk is the third great drift deposit on the island, the two older sheets from their 
position, thickness, material, weathering, and erosion, being referred to the pre-Kansan and the 
Kansan. If the identification of these earlier drifts, especially the Kansan, is correct there is 
little doubt that the Montauk should be referred to the Illinoian, as the series of deposits is un- 
broken from the Kansan or Jameco through the Yarmouth or Gardiners to the Illinoian as 
represented by the Jacob sand and the Herod and Montauk members of the Manhasset 
formation. 

Beyond Long Island the Montauk member continues through the New England islands 
into Massachusetts, where it is represented by a typical structureless till, being here a land rather 
than a glaciomarine deposit. The Montauk and the equivalent till of the mainland constitute 
the principal drift of New England, and in comparison with this body of till all other drift 
deposits are insignificant. In the interior of the United States a great drift sheet emerges from 
beneath the Wisconsin in western Pennsylvania and stretches westward to and beyond the 
Mississippi, reaching a thickness of hundreds of feet in places and, like its Montauk equivalent 
in New England, greatly surpasses in development the other drifts. In other words, m the 
Mississippi-Ohio valley, in New England, and on Long Island the third drift is by far the most 
important of the glacial deposits, and it is not unfair to assume that in each region it belongs to 
the same glacial stage, the Illinoian. The correlation of the Montauk with the Illinoian is 
rendered more probable by the recent investigations in Europe, which appear to show a close 
agreement of glacial stages with those of the Mississippi Valley and Long Island, as if the 
succession had been not only similar but simultaneous. 

To attack the problem of age from another standpoint, it may be noted that the period of 
erosion between the Wisconsin and the Manhasset (the latter including the Montauk), was of 
great length, being many times greater than that reported between the Wisconsin and the lowan 
drifts. If not of Illinoian age, the drift must be referred to another ice sheet unknown either in 
the Mississippi Valley or in Europe. That the most powerful sheet and the thickest drift in Long 
Island and New England should belong to an invasion not elsewhere represented is improbable 
if not impossible. If the grave doubts that have recently arisen as to the existence of the lowan 
in the central portion of the country are justified the number of invasions in the eastern and 
central regions is the same and the correlation of one with the other is made more certain. 

HBMP8TBAD OBAVXL MBIIBXB. 

NAME. 

After the Montauk invasion and its attendant erosion, deposition, and folding, the ice 
retreated from Long Island and a series of gravels were laid down, doubtless derived from the ice 
which appears to have lingered in the vicinity. For these gravels, which represent the upper- 
most of the three subdivisions of the Manhasset formation, the name Hempstead gravel member 
Is here introduced, from Hempstead Harbor, along the west side of which the gravel is finely 
exposed in the upper parts of many large gravel pits. 

CHARACTER. 

The Hempstead gravel member is very similar to the Herod gravel member, showing the 
same variations in different parts of the island. In fact, there is nothing in its lithologic 
character by which it can be distinguished from the Herod member and the description of the 
Herod given on page 121 applies almost equally well to the Hempstead. If there is any differ- 
ence it is in the more sandy character of the younger member. Because of their resemblance 
the beds can not be differentiated from one another except where they are associated with key 
beds, such as the Gardiners clay, the Jacob sand, or the Montauk till member of the Manhasset 
formation. 
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SOURCE OP MATERIAL. 



What has been said of the source of material of the Herod gravel member is ahnost equally 
applicable to ^he Hempstead gravel member. The only difference to be expected is a smaller 
percentage of material derived from the Cretaceous and Mannetto deposits and a greater per- 
centage from Connecticut sources. In general, however, the difference is not well marked, the 
Hempstead member of western Long Island showing practically as much of the Cretaceous and 
Mannetto material as the Herod member. 



RELATIONS TO OLDER DEPOSITS. 



earlier Montauk and the underlying beds 
were folded, faulted, and eroded. As little 
or no deposition attended this last ice ad- 



The normal contact between the Hempstead member and the underlying Montauk member 
is conformable, but, as elsewhere indicated, the final event of the Montauk invasion in the eastern 

part of the island was a vigorous advance 

of the ice, as a result of which both the /^^ 

•••••• •• ::-^,,-i:i.i 1..^- < ,-^- ., 

vance, the Hempstead, where occurring """---.^^ ""--. .j y 

above the Montauk in this part of the ^QQ ^®* — -"' 

island, is. likely to rest on an eroded or Fiqure 174.~Section east of Montauk Light, a, Hempstead gravel member; 
^cAAcA aiirfoPA rfia 174.^ ^' ^^^^ ^^^ glacial pebbles and l>owlders belonging to the Montauk till 

lOiaea SUnaoe vug. l / ^; . member; c, banded till belonging to Montauk member. 

The contact between the Hempstead 
and the Montauk, even where conformable, is usually sharp and abrupt, but in places a 
transitional phase from a few inches to a few feet thick is observed. Where the contact is 
imconformable it is almost universally abrupt. 

STRUCTURE. 

The Hempstead gravel member is much less disturbed than the underlying deposits, the 
overriding Wisconsin ice apparently having been either thinner, less active, or of shorter duration 
than the preceding ice sheets. The folding is in general rather superficial, affecting but a few 
feet of the gravel as brought out in figure 202 (p. 210) and Plate XIX, A (p. 114), although 
there are indications that it was of considerable magnitude in some places where the ice 
pressed against bluffs or other steep slopes. 

DISTRIBUTION. 

Rdatian of Hempstead gravel member and Montauk tiU member, — In western Long Island the 
Montauk member occiu^ as a thick zone showing abrupt lateral transitions from till to gravel 
or vice versa, so that not uncommonly one exposure shows a thick bed of till at a horizon at 
which an adjacent exposure shows nothing but coarser gravel. Between the extremes are many 
gradations, the till being thin or absent and the gravels relatively thick or the till thick and the 
gravel phase absent. The member, however, appears to be a unit and to represent a single event 
in geologic history. The overlying beds are in general undisturbed. 

Farther east, in the middle portion of the island, the till phase becomes more conmion and 
persistent than in the west. It still retains its unity, however, and is still overlain by essentially 
undisturbed beds. 

In the part of the island near Riverhead a marked change appears to have taken place. 
West of this point the period of Manhasset accumulation seems to have comprised, first a stage 
of aqueous deposition (Herod gravel member), next an ice invasion with the deposition of till 
(Montauk tiU member), and last a return to aqueous deposition (Hempstead gravel member). 
East of Riverhead the opening stage of aqueous deposition was much the same as at points farther 
west, but the epoch of ice invasion appears to have lasted much longer, continuing well toward 
the close of the Manhasset deposition. The invasion was not, however, confined to a single 
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rioumB 17&.— SecUoo 1 mile northwest of East Fort Point, 
Lloyd Neck, showinK distorfoed and teultod srsTOls ^>- 
parently OTerljInK the Montauk till member. 
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advance, as in the central and western parts of the island, and the deposits are not a unit. 
Instead the ice appears to have advanced and retreated several times, giving rise to the alter- 
nations of till with stratified clays, sands, and gravels 
noted on Gardiners Island, at Montauk, and elsewhere. 
Throughout the whole of the North and 
South flukes and on the adjacent islands 
exposures that can be certainly correlated 
with the Hempstead member are lacking, 
for although gravels and sands are found 
here and there above the Montauk mem- 
ber they appear, even where best developed, as on the Montauk peninsula, to 
have been overridden by a readvance of the ice and strongly folded or faulted. 
That this disturbance is very old, probably Montauk, is indicated by the deep 
subaerial erosion to which the beds were subjected between the time of disturbance 
and the advance of the Wisconsin ice. Unfortunately, however, the evidences of 
subaerial erosion are not everywhere conspicuous, and it is consequently impossible 
to say whether the folding is Montauk, the gravels being Montauk or younger, or 
Wisconsin, the gravels being perhaps as young as the Hempstead member. For 
this reason it has usually been impossible^to differentiate the beds with certainty 
in eastern Long Island. When differentiation is impracticable the beds above the 
Montauk till member will be spoken of as the gravels of the upper Manhasset. 

It is noted that the Hempstead gravel member, although generally absent 
from eastern Long Island, reappears on Block Island and at places farther east. 

West of LiUle Neck Bay,— -On the north shore near the west end of Long 
Island a bed of sand or gravel in places separates the Wisconsin till at the surface 
from the Montauk till member. This bed occupies the normal position of the 
Hempstead gravel member, with which it is probably to be correlated. Among 
the exposiu-es best showing the relations of this gravel is that one-third of a mile 
east of College Point, represented in figure 136 (p. 135). 

Cfreat and Manhasset necks, North Hempstead, — Traces of the Hempstead 
gravel member between the Montauk member and the Wisconsin drift are seen 
here and there on Great Neck, North Hempstead, but the first clear-cut exposure 
showing the relations was seen at Barker Point, 2 miles northwest of Port Wash- 
ington village, on Manhasset Neck, where the section shown in figure 137 (p. 135) 
was found. On the north and northeast shores of Manhasset Neck the exposures 
are poor, but south of Bar Beach on Hempstead Harbor the Hempstead member 
was observed in many gravel pits. Only the lower part, however, was seen, 
the upper part being eroded previous to the Wisconsin ice invasion and later 
covered with a thin coating of Wisconsin tiU. 

Oyster Bay. — ^The Hempstead gravel member is nowhere well exposed along 
the coast between Hempstead Harbor and Oyster Bay, although unquestion- 
ably occiuring beneath the relatively thin Wisconsin till in the highlands back 
from the shore. At Rocky Point, 2 J miles north of Oyster Bay village, an ex- 
posure about 15 feet thick was seen in a trough of the Montauk member (fig. 65, 
p. 96), and the Hempstead member appears to form the upper part of the bluff at 
Mill Neck, northwest of the village, and at CkK>pers Bluff, 2 miles northeast. 

Lloyd Neck,-^The Hempstead gravel member appears to form the upper 
part of the hills on Lloyd Neck beneath the mantle of Wisconsin outwash and till 
but is seen in few bluff sections. There is an exposure near the northward curve 
of the beach, half a mile east of the Cretaceous outcrop and 1^ miles southeast 
of Lloyd Point, where folded and faulted gravel of the upper part of the Manhas* 
set formation is exposed. The character of the exposure is brought out in figure 175 and 
Plate XXIII, B. A mile farther east and continuing to East Fort Point a fine to clayey sand, 
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UNCONFORMABLE CONTACT BETWEEN HEMP- 
STEAD (r> GRAVEL MEMBER OF MANHASSET 
FORMATION AND CRETACEOUS DEPOSITS ON 
LITTLE NECK, HUNTINGTON. 



R MANHASSET GRAVEL FOLDED BY OVERRlDrNG ICE. 
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probably the Hempstead member, was exposed above the Montauk member almost continuously, 
although here and there cut out by erosion during the Vineyard stage, especially near the east 
end of the section (fig. 176). 

LUile Neck, HmdingUm. — In the lai^e clay pit on the east side of Little Neck, Huntington, 
a little south of Little Neck Point, finely stratified sands Mid gravel are seen resting against the 
Cretaceous clay with the relations shown in figure 177. The pebbles in the gravel are fresh 
and at the base there are a number of moderate-sized and perfectly fresh granite bowlders. 

The freshness of the gran- 
ite seems to preclude its 

being Mannetto, and the 

large and fresh bowlders 

could, so far as is knowni 

have been brought in only 

hy the Montauk ice or 




FlsmiB 17T.— Section In clay pit near end 

Nark, oppodU Northport. a, SUgbtly i 

gravel (HempaUsd gravel membefT); b, bowlder floating bergS frOm its 




FiouuITS.— BactlonDewPrlanBead.ihDirlQg 
Uempjitnd gravel member resting tmconCann. 
Bhly Bgalnat the Uootauk cm member. 

are apparently to be cor- 
related with the Hempstead member. The unconformity, which is one of the sharpest observed 
on the island, is shown in Plate XXIII, A. 

STmihioum Bay region. — ^The Hempstead member is definitely recogmzed at few places 
around Smithtown Bay, but an outcrop on the coast between Nissequogue Kiver and Stony 
Brook Harbor (fig. 139, p. 137) shows a somewhat well developed bed above the Montauk till 



The gravel at the top of the bluffs on Crane Neck Point east of Smithtown Bay grades 
downward into the Montauk till member and may probably be r^arded as the Hemp- 
stead gravel member, or at least as a transition between the Montauk and Hempstead members. 
Port Jefferson to Wading River. — The gravels in the upper part of the 

* bluffs bordering the east side of Port Jefferson Harbor are 
distinctly above the Montauk till member and are there- 

^ fore apparently to be referred to the Hempstead member. 
In the big gravel pit south of the town of Port Jeflterson 

* the gravels are thought to be the Hempstead, at least in 
the upper part, although in the absence of information as 
to the position of the Montauk member, which is the key 
bed, it is impossible to determine the horizon of the gravel 
with absolute certainty. The Hempstead member appears 
to include the greater pert of the deposits shown in the bluffs 
along West Beach north of the town. From this point 
to Wading Kiver there appear to be no unquestionable 
expraures of the Hempstead member, the folded and 

faulted character of the gravel and the altitude of the undmg. a.Dunesana; 

member; /, Herod Moutauk member indicating that the gravels are perhaps *■ ''*|™i"'^ gt«vei 
PBvsi member. ^ -^^ referred to the Herod member, although the Hemp- tiii menibi. 

stead member probably occurs in the higher lands back from the coast. 

FriaTs Head.—From Wading River to Friars Head the Hempstead member is nowhere 
exposed, the Montauk being at the tops of the bluffs, A little east of Friars Head, however, 
the Hempstead lies lower, nearly 40 feet of buff sand and gravel having the relations indicated 
by figures 178 and 179 being exposed. Hie Hempstead rises a httle farther on and is absent 
from the bluffs to a point near Roanoke Jjanding, where the gravels at the top of the bluff, 
above the gravelly phase of the Montauk member in the center of the section, represent the 
Hempstead member. 



ncUoa between FTlan 
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Roanoke Landing and Jacob HiU. — Near Roanoke Landing about 20 feet of the Hemp- 
stead member was seen above the Montauk till member, with the relations shown in figure 
180 (p. 153), and a little east of the landing the section shown in figure 144 (p. 139) was measured. 
Near Jacob Hill a considerable thickness of gravel belonging to the upper part of the Manhasset 
formation was seen above the Montauk till member at 
several points (figs. 181 and 182). 





Figure 181.— Section west of Jacob Hill, showing irregular contact be- 
tween Hempstead gravel member and Montauk till member (struo 
ture poorly exi)09ed). 



FiouRE 182.— Section west of Jacob Hill, a, Hemp- 
stead gravel member; b, Mcmtauk till member; 
c, Herod gravel member. 



Oregon Hills and vicinity. — If the bowlder beds and pockets noted near Oregon HiUs and 
Duck Pond Point (fig. 147, p. 140) represent the Montauk member, as there is reason to believe, 
the gravels above them must be referred to the Hempstead member. 

Rocky Point — ^Because of the height at which the Hempstead member occurs, very little 
of the gravel is seen between the Oregon Hills and Orient Point. About three-fourths of a 
mile south of Rocky Point, north of Greenport, however, several sections show sand and gravel 
over the Montauk till member. The following is a section at this locality: 

Section three-fourths of a mile south of Rocky Point. 

Feet. 

Wisconan: Till 10 

Hempstead gravel member or Montauk till member: 

Sand and fine gravel 5 

Coarse gravel 5 

Montauk till member: 

Bowlder pocket 1-3 

Semistratified till 20 

Riverhead to 8a^ Harbor. — No good exposure of the Hempstead gravel member was seen 
between Riverhead and Shinnecock Canal, although traces were seen here and there (fig. 183). 
HaK a mile or so east of the canal and in the bluflFs north of Cold Spring Pond, 1^ miles to the 

northeast, gravel, perhaps the Hempstead member, was 

seen at several points above the Montauk till member, f z*-' *y*'''r ^- 
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Figure 183.— Seetkm northwest of Shinnecock Canal, a, Hemp- 
stead gravel member; b, Montauk till member (very clayey). 



Figure 184.— Section on Jessup Neck, vest of Sag Harbor, 
a, Dune sand; ft, Wisconsin till; e, Hempstead gravel 
member; d, unconformity; e, Montauk till member. 



On Jessup Neck there are many exposures of gravel, most of them only slightly disturbed. 
In only one place, however, near the north end of the bluffs on the west side, are the relations 
of the deposit clearly seen. At this point the gravel is a well-developed horizontal bed rest- 
ing unconformably upon the Montauk member with the relations shown in figure 184. Another 
exposure n^ar the same point was of interest in showing an early stage of a flexure such as has 
given rise to many faults on the island (fig, 185). From Jessup Neck to Sag Harbor there are 
no good exposures. 
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Figure 185.— Sectioa on Jessup Neck, west of Sag Harbor, show- 
ing fold changing downward Into fault. 
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FiQUKE 186.-Section near Flieptoce, South Fluke, showing unconformity in gtavels, prenimably 

Hempstead and Herod gravel members. 



Hog Creek Point — South of Lion Head Rock, near Hog Creek Point, gravels belonging 
to the upper part of the Manhasset formation were seen in strong development above the 
Montauk till member (figs. 153 and 154, pp. 142 and 143), and just north of Fireplace an 
exposure showed a marked unconformity in the 
gravels, seemingly the result of Montauk erosion. 
No drift of this stage is present, but it is probable 
that the gravels represent the Herod and Hemp- 
stead members (fig. 186). Gravels of the upper 
part of the Manhasset were also seen above the 
Montauk till member near Cedar Point, a few 
miles west (fig. 121, p. 128) and above the uncon- 
formity shown in figure 123 (p. 128). 

Montauk peninsula.— FsTther east the next point at which the gravels were seen was half 
a mile west of Rocky Point, on Fort Pond Bay, where the conditions shown in figure 155 (p. 143) 
were observed. The gravels here (upper part of Manhasset formation) are strongly folded. At 

Culloden Point, sands be^ 
longing to the upper part 
of the Manhasset forma- 
tion, were seen resting upon 
and apparently infolded 
with the Montauk till mem- 
ber, as brought out in figure 
187. Near Shagwong Point 
the section of gravels (b^ 
longing to the upper Man- 
hasset), shown in figure 188, was exposed. A persistent bed of chocolate^brown clay (upper 
Manhasset?), 3 to 4 feet thick, was also seen near this locality above 10 feet of the Montauk tiU 

member and 1 to 3 feet of later drift. , ^ ^r . i t • i... 

Just north of Montauk Lagnt 

occur several fine exposures of 
folded and overturned sands and 
gravels. They clearly lie above 
the Montauk till member, which 
rises from beneath them near the 
lighthouse, but it is possible that 
they represent the gravelly phase 
of the Montauk member. The 
conditions are illustrated in figure 174 (p. 151). 

Opposite the lighthouse and at the point a considerable thickness 
of sands and gravels which unquestionably belong to the Hempstead 

member Ues above the 
Montauk member. 
Figure 158 (p. 143) 
shows the occurrence 
of possible Hempstead 
material in the bluffs 
and at the same time 
indicates the puzzUng 
complexity of the ex- 
posures. The section between the small bay south of the Ughthouse and the point is shown 
in figure 159 (p. 144). Figure 189 shows the profile at the extreme point. 

In the 2-mile stretch of beach southwest of Montauk Point no good exposures of the gravel 
were observed. Just north of the bend of the shore from southwest to west, however, gravels 
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FiotJRE 187.-«ection near Culloden Point, Montauk. a, 
Wisconsin till; b, sand with reddish clay laminse (either 
HempstMui gravel member or gravel phase of Montauk 
till member); c, Montauk till member. 
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Figure 188.— Sectfon l mile west of False Point, Montauk. o, Till (Mon- 
tauk till member); b, cemented ferruginous sand and gravel with some 
bowlders (Montauk till member?); c, sand belonging to Hempstead 
gravel member; d, gravel belonging to Hempstead gravel member. 



FiQUBE 188.— Section south of 
Montauk Light, a, Mon- 
tauk till member ; b, cross- 
bedded sands belonging to 
Hempstead gravel member; 
c, alternating sand and clayey 
sands belonging to Hemp- 
stead gravel member; d, 
sand and gravel of normal 
Hempstead member. 
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TIOUBX 190.— ^ectioQ 3i miles east of Ditch Plain, Montaok, showing Hempstead gravel member over- 
lying IContauk till member. 




belonging to the upper part of the Manhaaset formation were seen above the Montauk till 
member for a distance of nearly a quarter of a mile. The general attitude of the beds is hori- 
zontal, but they are 
d 





locally disturbed and 
folded (fig. 190). In 
the bluffs half a mile 
east of Ditch Plain 
gravels were noted rest- 
ing on the Montauk 
member and apparently 

cut by an extensive thrust fault. The conditions are represented in figure 191. Near the 

beginning of the bluff west of Ditch 

Plain the somewhat complicated occur- 
rence of gravel represented in figure 

192 was observed. 

In the bluffs of the south shore 

west of Fort Pond traces of the 

Hempstead gravel member are seen 

here and there near the top. One of 

the best sections measured was at a point about a mile from the west end of the bluffs. It is 

as follows: 

Bluff section near ** First Hotue,** Montauk. 

Feet. 

Recent: Dune sand 5 

Wiflconsin: Gray to buff bowlder till 3 

Hempstead gravel member or Montauk till member: Buff sand and gravel with basal layers 

cemented by iron 25 

Montauk till member: 

Sand phase (irregularly stratified sand alternating with thin clay laminse) 20 

Till phase (banded drift and talus) 30 

Adjacent islands, — The conditions on the smaller islands adjacent to Long Island at the 
east end are very similar to those on the North and South flukes. Thin beds of sand or gravel 
are seen in places above the Montauk member on Plum Island (&, fig. 171, p. 146) and on Gardi- 
ners Island (d, fig. 167, p. 146), but except on Robins Island no noteworthy developments of 

the gravel were observed. 



FiouBE 191.— Section half a mile east of Ditch Plain, Montauk, showing folded 
and faulted gravels overlying Montauk till member. 
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FIOUEE 193.— Section west of Ditch Plain, Montauk, showing apparent unconformity between 
cross-bedded gravel (Hempstead gravel member) and underlying banded till (Montauk till 
member). 



On Robins Island, how- 
ever, a considerable body of 
the Hempstead gravel mem- 
ber was noted above the 
till. Figure 165 (p. 145) 
shows disturbed Hemp- 
stead gravel resting upon an irregular surface of the Montauk member on the east side of the 
island; figure 193 shows a slight thickness of presumably Hempstead gravel member above an 
unconformity on the west side of the island; and figure 194 shows a greater thickness in uncon- 
formable contact with 
older gravels supposed 
to belong to the Herod 
gravel member. 

Deposits penetrated 
by weUs, — The Hemp- 
stead gravel member is 
penetrated by a large number of wells in the western and central parts of Long Island, prac- 
tically every well that has entered the Montauk till member (see table, p. 148) having first passed 
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FiQUBB 193.— Section on west side of Robins Island, a, Hempstead gravel member; ft, unconformity 
marked by layer of ferruginous cemented gravel; c, sand, gravel, and clay (Jacob sand); (f, dark-gniy, 
green, and purplish clay (Gardiners clay). 
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through the Hempstead. In wells it is usually very difficult if not impossible to distinguish the 
member from the overlying Wisconsin drift, and this differentiation has not in general been 
attempted in the following table, which gives a few of the more definite occurrences: 

Hempstead gravel member of Manhasset formation in wells of Long Island. 



No.a 


Locality. 


Owner or place. 


Depth of for- 
mation. 


Character of materials. 


Name used in original 
reports. 


23 


Brooklyn 


Eighth Avenue and Eight- 
eenth Street. 
Bartlett Street and Harri- 
son Avenue. 

Brooklyn test well No. 6 

Balsley pumping station 

T. Vaientine 


Feet. 

15-35 

«)-«5 

» 16-192 

21-58 

15-53 

6-16 

4(V-76 


Silty to clean sand and sravel 


Wisconsin. 


37 


do 


Coane sand . . . 


Tisbury. 

Wisconsin. 

Wisconsin and Tisbury. 

Transition and Tisbury. 

Tisbury. 

Tisbury and Sankaty. 


141 
200 


East New York 

Jamaica South 

Port Washington 

do 


Reddish-brown granitic gravel 

Fine to ooaise yellow sand 


357 


Cobbles and yellow sand 


366 


Dodge estate 


rinfifpAn^l^ 


373 


Long Beach 


Long Beach Association 


Gray to yeDow sand and gravel 







a Numbers refer to well records in Prof. Paper U.S. Oeol. Survey No. 44. 



bin part. 



Of the wells included in the table complete records are given of No. 366 on page 113 and 
No. 373 on page 73. 
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FiouRK 104.— Section on west side of Robins Island, a, Hempstead gravel mem- 
ber; bf brownish loamy sone ak>ng unconformity; c, Herod gravel member. 



The Hempstead gravel member is a retreatal deposit of the ice sheet which at its farthest 
advance laid down the Montauk till member. As has been indicated elsewhere, the ice 
lingered in the eastern part of the island 
to the dose of Manhasset deposition, the 
last important incident of its occupa- 
tion being a vigorous readvance which 
scoured and disturbed the older beds at 
a time when it had withdrawn from the 
west end of the island, permitting the 
accumulation of the outwash deposits 
represented by the Hempstead member, 
which is thus contemporaneous with the last part of the Manhasset invasion and is to be placed 
in the lUinoian. 

VINEYARD FORMATION. 

Between the base of the Recent beach deposits, which probably do not extend more than 
20 or 25 feet below sea level, and the horizon at which the Gardiners or the Jacob fauna is to 
be expected, peat, marsh muck, wood, stumps, and tree trunks, also quahog, dam, scallop, 
and oyster shells have been found. The finding of so many of these remains in deposits that 
seem to be above the Gardiners clay and the Jacob sand and below the Wisconsin and Recent 
accumulations seems to point to an intervening formation of intermediate age. As it is unlikdy 
that they belong to the gladal Manhasset formation it seems probable that they should be 
referred to the Vineyard ^ interglacial stage, representing marsh, soil, and beach deposits formed 
at a time when the land stood considerably above its present position with reference to sea levd. 

In the following table is presented a list of occurrences of shells, wood, peat, etc., which 
seem likdy to have come from this formation. The occurrences are largely taken from the 
reports of A. C. Veatch ' and F. J. H. Merrill,* but the present writer alone is responsible for 
the interpretations. 

1 Woodworth, J. B., Seventeenth Ann. Rept. U. S. Geol. Sur>''ey, pt. 1, 1896, p. 979. 
> Prof. Paper U. S. Oeol. Survey No. 44, 1906, well records. 
« Annals New York Aoad. Sd., vol. 3, ISSA, p. 357. 
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WISCONSIN DRIFT. 

The term Wisconsin is applied to the deposits laid down during the last glacial adVacce as 
a mantle over the older deposits of Long Island, the application of the term to this r^on being 
based on the tracing of the deposits by T. C. Chamberlin,' G, F. Wright,' and others across New 
Jersey, Pennsylvania, New York, Ohio, Indiana, and Illinoia, into the type area in Wisconsin, 
from which the name was derived. As it is a surface formation, much more is known of its 
character, distribution, and manner of accumulation than of the features of the older drifts, 
and its deposits may with advantage be differentiated into a number of component part«, 
the most important of which on Long Island are (1) the till sheet or ground moraine, (2) the 
outer or Ronkonkoma moraine, (3) the outwash from ice along the Ronkonkoma moraine, 
(4) the later (inner) or Harbor Hilt moraine, (5) the outwash from ice along the Harbor Hill 
moraine, and (6) the retreatal deposits. 

TBK TILL SBKXT. 



The tin sheot or ground moraine includes the deposits laid down beneath the glacier when 
the dfibris contained in the base of the ice sheet or dragged along beneath it was set free, either 
through melting of the ice or by friction with the overriddrai surface. It is composed of unas- 
sorted mixtmve of clay, sand, and bowlders, the nature of which differs greatly in different parte 
of the island. In western Long Island granitic material commonly coQstitutee 5 to 10 per 
cent of the pebbles, though in some localities nearly half of the pebbles are granitic. In other 
places, however, quartz pebbles predominate, it being in fact almost impossible to find granitic 
materials in some of the outcrops. Toward the central part of the island, beyond the Cretaceous 
and Mannetto remnants of Eaton Neck, the percentage of quartz rapidly decreases and that of 
granitic pebbles and bowlders increases. In the east«-n portion of the island pebbles and 
bowlders of the granite type usually predominate in the till. In general it may be said that 
tiie till varies in composition with the character of the underlying materials over which the ice 
y passed. This explains the quartzose character of the till in the vicinity of the * 
deposits and the Mannetto gravel, the gravelly or sandy character over the Herod 
ber of the Mauhasset formation, and the more clayey character and local red colors^ 
tias where resting upon portions of the Montauk till member of the Manhasset forma- 
ling Triassic material. At several points, especially on Jessup Neck west of Sag 
on Montauk Point, the till appears to have been formed loeally of reworked sand 
it is not improbable that many of the sandy phases of the north shore are of similar 



• Bull. U.S. Owl. Survi 
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The till has yielded fossils at a considerable number of points. The greater number 
evidently represent material reworked from the Gardiners clay, the Jacob sand, or the Vine- 
yard formation, but many silicified fossik from the limestones of the mainland occur, and here 
and there a Triassic sandstone with leaf impressions is found.^ 

In color the till, where unoxidized, is usually a dull gray, with a slight tinge of buff or brown 
due to the oxidized materials incorporated in the mass. In western Long Island, however, it 
commonly exhibits a distinct reddish tinge, due to the presence of Triassic material. This 
coloration is noted in only a few places east of Little Neck Bay, Flushing, although traces are 
observed where the Wisconsin overlies the reddish phase of the Montauk tiU member of the 
Manhasset. 

The thickness of the Wisconsin till is greatest in western Long Island, where it is commonly 
10 to 15 feet thick, and in some places, where it is represented largely or entirely by slightly 
shoved or reworked portions of the underlying gravel, much thicker. It seems to become 
thinner toward the east, the bluff sections of the central part of the island commonly showing 
not more than 5 to 10 feet, and those of the extreme eastern parts usually less than 5 feet. 

In structure the tiU is usually rather loose, its materials showing a general lack of coherency. 
For this reason exposures do not stand well as a rule and soon become covered with talus. 
Relatively little clay is present in the till. In this respect it differs very noticeably from the 
Montauk till member, which is not only associated with clayey beds in many places, but carries a 
sufficient amount of clay throughout its mass to act as a binder, thus making possible the cemen- 
tation observed in it. 

In texture the Wisconsin till is very diverse, all grades of coarseness from sand to bowlders 
being known. On the whole, however, it tends to be somewhat coarse, resembling the surface 
till of New England rather than the more compact till of the Montauk member. Bowlders are 
not very conspicuous in western Long Island, being in few places as large or as closely packed 
as in some areas of the Montauk till member, such as the bowlder bed of Hempstead Harbor. 
In fact large bowlders are of comparatively imcommon occurrence in the general till sheet 
mantling the Manhasset terrace, though they are abundant in the moraine to the south. 

In general there are no indications of banding in the Wisconsin till, but a few exposures 
were seen in which a lamination similar to that of the Montauk member was noted. All such 
exposures were of very small extent and were clearly the result of local rather than of general 
conditions. They are confined mainly to the sandy phases of the tiU, being almost nowhere 
present in the coarser varieties (PI. XXTV, B). 

Where the Wisconsin tiU is less than 4 feet thick, it has commonly been oxidized from top 
to bottom and exhibits brownish or yellowish colors such as characterize the drifts of New 
York and New England. Where the till is thicker, the oxidation may fail to reach the bottom, 
the lower part being of a lighter and more grayish color. In most places where the till is 10 
feet or more thick, however, it has a slight buff tinge throughout, due to the fact that a con- 
siderable portion of its material was oxidized before being incorporated into the glacier that 
later deposited it. Presumably if the invasion had been longer continued, the later till derived 
from less-weathered Materials would have been as dark and unoxidized as that of the Montauk 
till member. 

SOURCE OF MATERIAL. 

The materials of the Wisconsin till are derived from the formations over which the ice 
passed, the larger portion of the deposits coming from the older unconsolidated gravels, sands, 
and clays of the immediate vicinity. This is especially true of the region from Flushing to 
Port Jefferson, where not only the great abundance of loose material but also the character of 
the topography favored the absorption of large amounts of material by the ice. Farther east 
the percentage of material derived from near-by deposits seems to have been less, the Sound 
affording unfavorable conditions for absorption. A considerable quantity of the coarser 
material, including the bowlders, is derived almost entirely from the mainland, as are the granite 

I _ _ ^1^ ^ ■ - - — — - _^ 

1 Newberry, J. S., Proo. New York Lyceum Nat. Hist., 1st ser., 1871, pp. 14{^-150. 
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pebbles except those derived from the Manhasset formation or older gravels. It is noticeable 
that Triassic fragments, which are common in the Montauk member, are relatively rare in the 
Wisconsin, except at the extreme west end of the island, apparently indicating that the Wis- 
consin invasion was weaker or less prolonged than the earlier Montauk invasion. 

RELATIONS AND STRUCTURE. 

The relation of the Wisconsin till to the older deposits is very simple. It is a superficial 
mantle resting upon the eroded surface of the older deposits and following closely the contour 
of the erosion surface, rising in the hiUs and sinking in the valleys. Where the surfaces on 
which it was laid down were even its thickness was commonly only a few feet, but in the 
valleys it was not infrequently deposited to a greater depth. Over one large area, including 
the greater part of the Nissequogue drainage system, the drift is so thin as to be unrecognizable. 

The Wisconsin till in general does not itself show any indications of disturbance other 
than by landslides along the present bluffs. Folding and faulting, such as characterize the 
older formations, are generally absent, apparently indicating a very weak ice sheet compared 
to the Montauk. 

The base is in many places sharply defined, especially where the Wisconsin till rests upon 
the Montauk till member, knife-edge contacts being common (PI. XXII, A, p. 136). In other 
places, however, there is more or less transition between the underlying gravel and the till, as 
if parts of the gravel had been dragged along, reworked, and incorporated into the tiU. There 
are also many local examples of contortion and folding on a small scale (PI. XIX, A, p. 114), 
although nothing comparable with the folding during the Montauk substage was observ^. 

DISTRIBUTION. 

Greater New YorJe, — West of the eastern limit of Greater New York, near Little Neck Bay, 
the Wisconsin till is relatively thick, covering the greater part of the surface with a mantle 
effectually hiding the underlying Manhasset formation. Exposures showing 16 or 20 feet of 
till are not uncommon, and even thicker sections are found at many points in the vicinity of 
Brooklyn and Long Island City. In fact, the general till sheet seems in this region to grade 
almost insensibly into the thick till of the moraine. The material is a rather tough bowlder 
clay apparently consisting largely of Triassic ingredients brought from the New Jersey side of 
the Hudson, 5 miles to the northwest. Both the composition and the unusual thickness are 
largely explained by the proximity to the outcrops at this point. The Ronkonkoma ridge, 
now crossed by the Harbor Hill moraine just south of the head of Manhasset Bay, originally 
extended across this region but was overridden and reworked at a later stage by the ice, and 
much of its material was incorporated in the Wisconsin till sheet. 

A detailed investigation of the geology of this part of the island, which it did not appear 
desirable to duplicate in the field work for the present report, had been made by R. D. Salisbury 
and others ^ several years before, at a time when the Montauk till member had not been recog- 
nized as a separate division and all till was included in the Wisconsin. The writer had no 
opportunity for reexamining the region in detail, but from what he has seen he is inclined to 
regard the Wisconsin till, although undoubtedly of considerable thickness, as forming only a 
part of the till exposed, the lower and probably thicker portions seemingly belonging to the 
Montauk till member of the Manhasset, correlated with the Illinoian. The fact that the Ulinoian 
is the principal tiU wherever found in New England and in the Ohio and Mississippi valleys, the 
Wisconsin being almost everywhere relatively thin, makes it seem improbable that the condi- 
tions at the point under discussion are exactly reversed, especially as the Wisconsin ooostitutes 
hardly more than a mantle in adjacent regions. The depth of oxidation, which is iq not a 
few places 10 to 15 feet or more, is perhaps the most satisfactory of the direct evidences of the 
presence of older drift, being much in excess of the 5 feet conmionly reached by the Wiiooiidin 
weathering. 

1 New York City folk) (No. 83), 0«oL AUas U. S., U. S. 0«ol. Survey, 1902. 
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In the vicinity of Astoria and between Little Neck and Flushing bays, according to R. D. 
Salisbury* — 

The hillocks of ground moraine [till sheet of this report] occasionally assume an elliptical form, about twice as long 
as broad, the longer axes being paraUel to the direction of ice movement. Such hills of ground moraine are called 
drumlins. One of the best examples of a drumlin in this region is the hill at Lawrence Point. Other examples of 
drumlins, or of drumloid hills, occur three-fourths of a mile farther south, half a mile northwest of Steinway, and north 
of College Point, where Tallman Island appears to be a drumlin. The elongate hill just southwest of Tallman Island 
also has something of the drumloid form. 

LitUe Neck Bay to Oyster Bay. — ^Between Little Neck and Oyster bays, where the Wiscon- 
sin drift is seen in its most characteristic development, the till is gravelly, including large amounts 
of stained and white quartz pebbles from the underlying Cretaceous beds and the Mannetto 
gravel. It overlies the eroded Manhasset surface as a mantle or veneer, having a maximum 
thickness of about 15 feet but averaging considerably less. Even shallow roadside sections 
may cut entirely through the covering into the Manhasset below. Although the surface as a 
whole maintains the flatness characteristic of the Manhasset terrace, it shows in many places 
a subdued morainal aspect, due in part to the unequal deposition of the till and in part to a 
disturbance of the gravel of the Manhasset formation by ice drag or shove. As would natu- 
rally be expected, all gradations between slightly disturbed Manhasset material and thoroughly 
reworked gravels are found. Bowlders are not, as a rule, either numerous or large in the till 
sheet of this region, although blocks of considerable size are seen here and there. The till 
sheet follows the contour of the Manhasset surface rather closely, but its thickness is more 
variable in the valleys than on the terrace surface. In many of the smaller valleys the till 

filling is considerable, but in the large depres- 
sions now occupied by the harbors and bays of 
the north shore the amount of till is ordinarily 
rather slight, apparently because of a concen- 
tration of ice activity causing a tendency to 
erode rather than deposit at those localities. 

Oyster Bay to Port Jefferson. — ^The distribu- 
tion and character of the Wisconsin till between 
FiouEBi96.-sectk>n8bowtogtm ridge at head of vaueys opening to Qygter Bay and Port Jcflfcrson is vcry similar 

to that in the district immediately west. Its 
thickness, however, is somewhat less, and it is in general somewhat more gravelly and carries 
fewer bowlders. One veiy large bowlder, however, measuring nearly 40 feet on its longest 
diameter, was seen on the road between Port Jefferson village and the railroad depot. Because 
of the occurrence of the Montauk till member at the surface at many points it is difficult, at 
some places where the exposures are poor, to tell whether the till is Montauk or Wisconsin, 
but where the exposures are good there is usually little difficulty. The contact, where the 
older and younger tills come together, is usually very sharp. 

A notable feature in this region is the thickening of the drift into a sort of miniature moraine 
at the head of a number of the north-south valleys, as indicated in figure 195, apparently caused 
by the shove or drag of the ice masses passing up the valleys. 

CM Spring Harbor region. — ^The Wisconsin till sheet undoubtedly extends beneath the 
Harbor Hill moraine and the outwash associated with it, reaching at least as far south as the 
Ronkonkoma moraine, but because of the thickness of the overlying deposits it is rarely seen. 
Here and there, however, where a pre- Wisconsin valley of considerable extent stretched back 
above the inner moraine, as south of Cold Spring Harbor, residual ice seems to have prevented 
the covering of the region by outwash, and a coating of Wisconsin till was left at the surface 
on the sides of the old valley. This is made manifest largely by bowlders, although outcrops 
of the till are not wanting. It is probable, however, that some of the bowlders came from 
the Montauk member of the Manhasset formation, which presumably outcrops around the 
border of the valley. 

I Op. cit., p. 14. 
1629"— 14 12 
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Dix nUls. — ^The Wisconsin till is best seen where outliers of older formations rise above 
tlie outwash, as in the region north of the Dix Hills, where not only bowlders but also good 
exposures of till are seen overlying the older deposits. Plate XXIV, B (p. 162), shows an out- 
crop of banded Wisconsin till resting upon an older and somewhat disturbed gravel, apparently 
the Mannetto gravel. 

SmiiJUown^^driftless area.'^ — ^The Smithtown "driftless area," which is driftless only in 
lacking conspicuous Wisconsin deposits, is one of the most remarkable regions of the island. 
A line extending along the south base of the Harbor Hill moraine from Nissequogue River west- 
ward to Kings Park, thence southward to the Ronkonkoma moraine, thence eastward within 
a mile or two of Hauppauge, and finally northward through Smithtown to the point of beginning, 
would inclose an area of nearly 15 square miles, comprising the western part of the drainage 
basin of Nissequogue River (PI. X, p. 46), in which no recognizable Wisconsin till occiu^. 
At first sight its absence might seem to be due to post-Wisconsin erosion, but that such 
a drainage system, the most advanced of all on the island, could have been developed 
here while practically nothing was being accomplished in post-Wisconsin time in other situa- 
tions equally favorable to erosion is manifestly unlikely. The discovery of a Wisconsin esker 
three-fourths of a mile below Smithtown, extending to the very bottom of the present valley, 
fully established the pre- Wisconsin origin of the drainage system. That the ice passed over 
the region is conclusively shown by the presence of the well-developed moraine on the south 
rising from 40 to 100 feet or more above the Manhasset level. How, then, is the absence of 
drift to be explained ? To the writer the most probable assumption seems to be that the dis- 
trict was covered with a thick mantle of snow or snow ice previous to the advance of the gla- 
cier, which on invading the region overrode the surface deposits without coming into contact 
with them. This would explain the absence of disturbance by shove, the lack of graveUy till 
accumulations such as are usually very conspicuous where the Manhasset formation has been 
overridden by the Wisconsin ice, and the almost perfect preservation of even the minor drain- 
age features. Under this assumption the only drift to be looked for would be the englacial 
material set free on the final melting and retreat of the ice. The absence of bowlders in the 
region indicates that if present the englacial material must have been scanty and very fine 
grained. That such material may indeed have been set free is not improbable, but because of 
its similarity to the Manhasset deposits it has not been recognized. No coarse materials or 
in fact anything clearly identifiable as Wisconsin drift was seen anywhere in the western half 
of this drainage system. 

Middle Island region. — Stretching from Coram northeastward to Long Pond, about 2 
miles south of Wading River station, and thence southward to the Ronkonkoma moraine is a 
broad terrace-like tract of high land (apparently Manhasset formation), which stands above the 
outwash level and is more or less cut by pre- Wisconsin drainage lines (PI. XX, p. 116), the 
whole clearly resembling the Manhasset terraces near Hempstead Harbor and elsewhere along 
the north shore. The surface is Hkewise characterized by a subdued morainal topography, 
apparently due to the drag or shove of the loose gravels by the Wisconsin ice, and is covered 
with more or less scattered bowlders, mostly small, and with patches of Wisconsin till. This is 
the largest single area of conspicuous intermorainal Wisconsin drift on the island. 

Peconic River region. — ^The region along Peconic River between the two moraines (PL IX, 
C, p. 42) shows a fair number of bowlders and here and there a small mass of Wisconsin till, 
but the greater j)art of the region is made up of an undifferentiated mixture of Wisconsin out- 
wash and gravel of the Manhasset formation. It is on the projecting Manhasset surfaces that 
the bowlders and patches of till are most likely to be found. 

Riverhedd to Orient Point, — The tUl south of the Harbor IliQ moraine on the North Fluke 
is very thin, and through considerable stretches it is impossible to recognize the drift in sec- 
tions. Its presence is made manifest, however, by a bowlder here and there and by irr^ulari- 
ties of the surface due to ice shove. 

Adja^^ent islands and the South Fluke. — The conditions on the adjacent islands — Robins, 
Shelter, and Gardiners — are not notably different from those on the North Fluke, although their 
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more rugged topography seems to have encouraged a more extensive reworking of the deposits 
by the Wisconsin ice and a greater deposition of till. 

On the north side of the South Fluke essentially the same conditions prevail as on the islands. 
The till is mostly local and carries relatively few bowlders. On Jessup Neck and at places on 
Montauk the till seems to be composed largely of reworked pre-Wisconsin sand dunes. 

SoiUh of the Rofikorikoma moraine. — There is no decisive evidence that the Wisconsin ice 
ever passed south of the line of the Ronkonkoma moraine in western Long Island. A number 
of granite fragments, the largest a foot in diameter, were noted over the surface of the Half 
Hollow Hills and a few still larger bowlders were seen in some of the hollows, but they are 
believed to belong to the Montauk till member of the Manhasset formation rather than to the 
Wisconsin. No unquestionable till was observed nor were any irregularities due to ice drag 
or shove, such as characterize the Manhasset surfaces north of the moraine, seen in this region, 
the disturbed condition of the Cretaceous beds of the clay pits being ascribed to creep. If the 
ice ever covered the region, its presence was but temporary, and it receded without leaving any 
lasting traces. The only clear evidence of till beneath the outwash on the South Fluke is in the 
vicinity of Easthampton, where in times past bowlders have been washed out from beneath the 
sands by the waves. This material is thought to be Montauk rather than Wisconsin, but it is 
not impossible that an extensive though very attenuated sheet of Wisconsin drift may exist 
beneath the outwash east of the Shinnecock Hills. The occurrence of numerous kettles in the 
outwash ^ (see p. 168) probably indicates the presence of ice south of the moraine, but whether 
these hollows represent ice blocks left after an invasion of the Wisconsin glacier or simply extra- 
glacial snow or snow-ice accumulations is not known. 

RONKONKOMA XORAINX. 
NAME. 

To the outer moraine, which extends from the point where it emerges from beneath the 
later Harbor Hill moraine, near Lake Success, south of the head of Manhasset Bay, eastward to 
Montauk Point, the name Ronkonkoma is applied, from Lake Ronkonkoma, not far from the 
center of the island, and one of its best-known features. 

CHARACTER OP MATERIAL. 

The Ronkonkoma moraine exhibits marked variations in character in its different parts, 
ranging from almost pure till to fine sands. In a given area, however, its character is fairly 
uniform. The till phase is most largely developed in western Long Island, where certain sec- 
tions reveal many feet of this material. Even here, however, the till is likely to alternate with 
gravels, indicating water action. In the western part of the island the gravels are conmionly 
very coarse, with only faint traces of banding, and resemble the tumultuous esker deposits of 
New England and elsewhere. Finer sands and gravels, some of them distinctly stratified, are 
present in places. 

Farther east, in the region of the West or Mannetto Hills, the gravelly phase becomes more 
pronounced. The greater part of the deposits observed are of coarse, almost structureless 
gravels, but till or similar impervious material appears to bo present in considerable amounts, 
as indicated by the numerous springs, kettle lakes, and similar features. The stratified gravels 
occur in increased quantities. 

East of the Dix Hills the material is finer, gravel and sand being here the predominant 
constituents of the moraine. Indeed, in places the moraine seems to consist almost entirely 
of sand, especially in the region near New Village and Selden, south of Port Jefferson, and at 
points between Manorville and Riverhead. 

Bowlders are much less numerous and decidedly smaller in the Ronkonkoma moraine than 
in the inner moraine. Few are more than 5 feet in diameter and those exceeding 10 feet are 
exceptional. Notwithstanding this, one of the largest bowlders on the island, said to have 
measured originally 125 feet in circumference, was found in this moraine, at Rock Hill, 2 miles 
north of Eastport.* 

1 Mather, W. W., Geology of New York. pt. 1, 1843, p. Ifi5. 

sBryson, John, Rock Hill, Long Island, N. Y.: Am. Geologist, vol. 16, 1885, pp. 228-233. 
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The weathering is mainly superficial^ like that of the till sheets and is rare, except on the 
included pebbles derived from older deposits. The only cementation occurs in the neighborhood 
of basic pebbles or similar sources of iron. 

SOURCE OF MATERIAL. 

In composition the moraine partakes less of the character of the local material over which 
the ice passed than the till sheet, owing apparently to the fact that much of the moraine was 
formed from material that lay high up in the ice, whereas the till sheet was built up from basal 
materials. During the time required for materials to work upward to a considerable height 
within the ice the glacier travels far, hence the morainal material was probably derived from a 
more remote point than that of the till sheet. 

The granites, which abound in the moraines, are clearly derived from the New York or 
Connecticut mainland, although possibly in part reworked from the underlying drifts. The 
fact that the proportion of granitic pebbles and bowlders is greater in the moraine than in the 
drifts mentioned would seem to indicate that they were derived to a large extent directly from 
the mainland. There is, however, in the moraine of western Long Island a notable percentage of 
stained quartz pebbles which must have been derived largely from the Mannetto gravel of adja- 
cent regions, and it is probable that in the sandy districts farther east a still larger part of the 
morainal material was obtained from adjacent beds of the Manhasset formation over which the 
ice passed. Very little Triassic material occius in the Ronkonkoma moraine although, as pre- 
viously seen, it is a lai^e constituent of the older drifts. 

RELATIONS TO OLDER DEPOSITS. 

The base of the Ronkonkoma moraine rests upon the eroded surface of several older forma- 
tions. In western Long Island it lies largely upon the Manhasset terrace, in the hiUs near 
Westbury upon the Mannetto gravel, in the Mannetto and Dix hills upon Cretaceous and Man- 
netto, and in the region east from these hills to Montauk Point upon the Manhasset. Inasmuch 
as the Manhasset rises to 200 or 240 feet above sea level and the Cretaceous in West Hill probably 
to 350 feet, it is clear that in western Long Island but a fraction of the total height of the mo- 
raine, whose maximum is about 410 feet, represents true morainal accumulations. Farther 
east, in the Riverhead region, the thickness of the morainal deposits is greater, only about 100 
feet of a total of 400 feet being represented by the Manhasset. On Montauk the morainal 
deposits are again of subordinate importance, forming but a relatively small part of the 150 
feet which measures their altitude. 

DISTRIBUTION. 

From Lake Success, south of Manhasset Bay, where the ridge emerges from beneath the 
Harbor Hill moraine, to Syosset, the moraine is composed mainly of kamelike accumulations 
of stratified drift and till. It is here relatively inconspicuous, being at many points cut by deep 
gaps and at others partly buried by the outwash deposits of streams issuing from the ice front 
during the accumulation of the later Harbor Hill moraine. From Syosset to High Hill the topog- 
raphy of the ridge is distinctly morainic, being marked by conspicuous and very irregular ket- 
tles and knolls. The high percentage of quartz in the deposits, topographic indications, and 
the evidence of well records all point to the moderate thickness of the morainal material, the 
Mannetto gravel reaching at some places within 20 feet of the surface. 

At High Hill the moraine reaches its highest elevation east of the mountains of New 
Jersey and Pennsylvania, culminating in a sharp knob rising 410 feet above sea level, although 
the body of the moraine reaches only about 350 feet. The percentage of quartz pebbles in 
the knob strongly suggests Cretaceous or Mannetto material, but there is an admixture of 
granites to the very crest, indicating that the knob is a part of the moraine, at least superficially. 
In the lower part of the moraine at the same locality granites are very abundant, and quartz 
is present only in small amounts. The Cretaceous and Mannetto apparently rise to not less 
than 340 feet at this point, judging from the terrace on the south. Just east of High HiU, at 



WISCONSIN DRIFT. 165 

distances of 1 and 1^ miles, there are two gaps occupied by outwash of the later stage, and 
another broad gap is found south of Commack. In the intervening areas the moraine is rather 
high, standing 100 to 200 feet above the outwash, or 250 to 350 feet above the sea. 

From the Commack Channel to the big channel now occupied by Connetquot Brook, a 
distance of 7 miles, the moraine is, in the main, a well-developed and fairly continuous ridge, 
reaching an altitude of 220 feet, or 100 to 140 feet above the outwash. About 2 miles south- 
west of Hauppauge, however, at the headwaters of Nissequogue River, the moraine subsides 
locally to or below the level of the outwash plain, forming the most westerly example of what 
may be termed a '^ depressed moraine.'^ Similar conditions exist in the vicinity of Lake 
Ronkonkoma, where great outwash plains take the place of the ordinary ridge of till or gravel. 
The moraine, however, is in most places represented by low till accumulations reaching slightly 
above the surrounding level, but more especially by the immense kettle plain formed by the 
deposition of an outwash sheet over great blocks and masses of ice, which, on melting, gave 
rise to the very pronounced kettle topography of the region. Lake Ronkonkoma itself repre- 
sents a large kettle formed in this manner. 

Southeast of Selden the morainal ridge becomes once more very pronounced, continuing 
With a height of 300 feet or so to Coram Hill. In this region very little but fine sand can be 
seen in crossing the moraine, and in places the vegetation is very thin and the sand still shifts 
sUghtly under the action of the wind. Superficially the material is largely dune sand, but 
whether this is simply a mantle over a moraine of the normal type or whether the moraine is 
unusually sandy and free from gravel at this point is not definitely known. The latter suppo^ 
sition, however, is thought to be probable. 

Near Yaphank the moraine is interrupted by the deep channel now occupied by Carmans 
RiveF, but from this channel to Shinnecock Canal the ridge is in general strongly developed, 
reaching a height of over 300 feet in places, as at Bald Hill, southwest of Riverhead. The 
moraine is not without breaks, however, there being several points in the region south of 
Manorville, southeast of Riverhead, and near Grood Ground where gaps of considerable width 
occur. 

Although some of the breaks in the moraine east of Coram Hill are due to erosion by the 
later outwash streams, more of them have resulted from the nondeposition of morainal materials, 
as in the vicinity of Lake Ronkonkoma. In such places the deposition by the outwash streams 
was usually much in excess of the morainal accumulation, with the consequence that the outwash 
deposits reach a much greater height than the morainal deposits, the moraine being of the 
depressed type. 

At Rock, 2 miles north of Eastport, remnants of a bowlder said to have originally measured 
over 125 feet in circumference are to be found. The bowlder, which has been quarried inter- 
mittently by the people of the vicinity since the settlement of the island, and is now much 
reduced, is said to be still an imposing obelisk-Uke object 50 feet in circumference.' 

At Shinnecock Canal there is a break in the moraine extending practically to sea level, 
but the Shinnecock HiUs east of the canal, though largely composed, as shown by the bluff 
sections, of gravel of the Manhasset formation, nevertheless have a strong superficial morainal 
topography due largely to the disturbance and reworking of the underlying gravel by the 
Montauk ice and rendered especially conspicuous by the entire absence of trees such as else- 
where usuaUy obscure the contours of the moraine. The irregular hills and steep intervening 
troughs, basins, and kettles are all well shown. It should be noted, however, that less than a 
century ago these hiUs were covered by drifting dunes, to which a part of the surface irregularities 
are due. 

The moraine in this region, as in that south of Riverhead, is made up of confluent units and 
is not a simple ridge, the tendency being toward the accumulation of large, high hills, such as 
that north of Hampton Park, Southampton, or sharp knobs such as Bald Hill, southwest of 
Riverhead, and the high cone 3 miles southeast of Manorville, nearly 300 feet in altitude. A 
noticeable feature of these hills is that although the morainal topography is highly developed 

1 Bryson, John, Rock Hill, Long Island, N. Y.: Am. Geologist, vol. 16, 1895, pp. 228-233. 
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and is characterized by numerous knobs and kettles, there are in addition many radiating 
trenches apparently due in part to the action of running water. The forms are thought to be 
the result of the accumulation of steep detrital cones by overloaded waters issuing high up in 
the ice, 200 to 350 feet above sea level, if one may judge by the altitude of the deposits. The 
radiating channels mainly mark the position of the rivulets in the closing stages, although pos- 
sibly they are to a subordinate extent due to subsequent erosion before the land became covered 
with vegetation. Many of the channels have flat bottoms, many have steep slopes on the 
outside of the swings, and in some the late erosion is distinguished from the older by a notching 
of the bottom. 

From Shinnecock eastward to Promised Land the moraine is again strongly developed, 
being represented by a ridge rising to an altitude of more than 280 feet, or about 200 feet abovo 
the outwash plain. There are, however, a number of breaks similar in character and origin 
to those between Yaphank and Shinnecock farther west. 

At Promised Land occurs the most important break in the moraine found on the island. 
The ridge is here interrupted for more than 4 miles, the intervening space being occupied by a 
sea beach covered with recent dunes. On Montauk the conditions are similar to those in the 
Shinnecock Hills, the morainal features being especially conspicuous bacause of the absence 
of trees. The morainal development, which seems to be more the result of disturbance and 
remodeling of the old Manhasset topography than of deposition or other accumulation, is on a 
larger scale than in the Shinnecock HiUs. Probably not more than 50 of the 150 feet of the ele- 
vation, however, is to be referred to the moraines, and it is almost certain that on the outer 
point the thickness of Wisconsin deposits is very much less. 

The Ronkonkoma moraine is supposed to be represented farther east by the morainal 
accumulations of Block Island, Marthas Vineyard, and Nantucket, but the correlation with 
these deposits is not absolutely certain, for the reason that the continuation of the Ronkonkoma 
moraine eastward is below sea level, and the evidence of connection afforded by the submarine 
bars is not conclusive. 

OUTWASH F&OM ZOB AZ^OITO KOHSOVKOMA KOHAIVZ. 

OCCURRENCE. 

The outwash from the Ronkonkoma moraine includes the great sloping plains lying south 
of the moraine and extending continuously, except for the short breaks at the Shinnecock 
Hills, from the west end of the island to the vicinity of Amagansett. It is well developed around 
Lake Ronkonkoma, a large kettle lake surrounded by moraine and outwash in the central part 
of the island. 

CHARACTER OF MATERIAL. 

The material of the outwash plain ranges from the moderately coarse gravel with pebbles 
as much as 2 inches in diameter found along the margin of the moraine to find sand at the 
south shore. The relative percentage of quartz and granite pebbles varies greatly, aD grada- 
tions being foimd from a pure quartz gravel not much different from portions of the Cretaceous 
and Mannetto, except that the staining is less conspicuous, to granitic gravels in which quartz 
pebbles form a very small part. In general, as in the older formations, the amount of quartz 
varies with Ihe proximity to Cretaceous or Mannetto masses. West of the Dix Hills the per- 
centage of quartz is especially high and in some places a granitic pebble can be found only with 
difficulty. 

Because of the flatness of the deposits sections are extremely rare, but from the few shallow 
excavations it appears that all gradations from nearly horizontal stratification to a highly 
complicated flow and plunge structure exist. The materials are in few places weathered or 
stained and are not known to be cemented either by iron oxide or otherwise, even locally. 

Certain parts of the outwash plain have a thin superficial coating of dark-brownish loam, 
consisting in some places largely of sand, but in others of pebbles intermixed with a certain 
amount of finer silt. It is this finer material, which is oxidized, that gives the color to the 
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deposits. The depth is in some places only a few inches and was nowhere seen to exceed 1} 
feet. No trace of lamination was noted in the deposits seen by the writer. The contact with 
the underlying material is usually sharp, and the material has the aspect of being a separate 
formation, apparently not greatly different from the so-called *' Jamesburg loam " of New Jersey. 
The material is well developed in the Hempstead Plains and is seen near the moraine at points 
north of East Moriches and southeast of Sag Harbor. 

SOURCE OF MATERIAL. 

This outwash was, in general, fed by streams issuing at the base of the ice or at least at 
lower points than those forming the Ronkonkoma moraine. The materials, being derived 
from portions of the ice near the base, are of more local origin than the higher morainal deposits, 
a fact which would explain the greater percentage of quartz, etc., derived from the adjacent 
areas of Cretaceous and Mannetto. This is especially true of the outwash issuing through 
gaps in the moraine. The material from higher portions of the ice, as in the higher outwash 
fans along the base of the moraine, which were evidently supplied from the same sources as the 
moraine itself, is likely to have had a more remote origin, as was explained in the discussion of 
the source of the morainal materials. The diversity in the relative amounts of quartz and 
granite pebbles is very great and depends mainly on original differences in supply due to the 
character of the material over which the ice passed and possibly also to the presence of deposits 
of the Manhasset formation or other gravels in the path of the outflowing streams. Such 
deposits are known to have been present in the path of the streams that laid down the later 
outwash from the ice along the Harbor Hill moraine below the Mannetto and Half Hollow 
hills, where the gravels of the Manhasset formation approached the surface or projected through 
the outwash at many points. 

RELATIONS TO OLDER DEPOSITS. 

The outwash from the ice along the Ronkonkoma moraine rests upon an old and exten- 
sively eroded surface of gravels belonging to the Manhasset fdrmation. This old surface had a 
southward slope similar to that of the present outwash, although somewhat more gradual. 
Under the action of long-<x)ntinued stream work, however, it became trenched by many well- 
defined and fairly deep southward-leading valleys, its edges were indented by marine estuaries, 
and its borders were locally cut by low marine cliffs. Near the moraine, where the outwash de- 
posits were most abundant, and especially where the deposition was effected by small rivulets 
rather than by large streams occupying well-defined channels, the older topography has been 
obscured, but farther south the outwash becomes attenuated and the Manhasset shows at the 
surface. In some places, where glacial streams of considerable size led through gaps in the mo- 
raine, the work was at first one of erosion rather than of deposition and channels were cut either 
in the earlier outwash or in the underlying Manhasset. Such channels may be seen extending 
southward across the Manhasset outwash at many points, although they are much smaller than 
those formed at the subsequent Harbor Hill substage. Some of the material brought down 
in these channels was deposited in the lower parts of their courses and in the estuaries of the 
Manhasset coast, but most of it was swept beyond the present coast line. In general, there- 
fore, where the outwash is thick it overlies the Manhasset plain and valley alike, but where 
it is thin it rests largely in the valleys or other depressions of the Manhasset surface. 

DISTRIBUTION. 

West of Manhasset Bay, near the head of which the Ronkonkoma ridge disappears beneath 
the later Harbor Hill moraine, no outwash from ice along the Ronkonkoma moraine is recog- 
nizable, the deposits being entirely covered by the later drift. 

From Jamaica to the vicinity of the Mannetto Hills stretches a great outwash deposit, 
constituting what has been called the Hempstead plains. The deposit is evidently made up 
of outwash material, part associated with the Ronkonkoma and part with the Harbor HiU 
moraine, but it has been impossible to differentiate these parts in the region as a whole, owing 
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to the similarity of material and the absence of distinct topographic features. From the later 
Harbor Hill moraine several distinct channels pass through the Ronkonkoma moraine and 
lead southward across the outwash. The incision of these Harbor Hill channels shows that 
near the Ronkonkoma moraine at least the outwash from ice along the Ronkonkoma moraine 
is the principal surface deposit, reaching a height of 120 feet. Farther south many of the 
channels are less marked and indications of a spreading out of the later outwash in fans over 
the earlier outwash are observed. 

In and around the west side of the Mannetto Hills is a local area of outwash from ice along 
the Ronkonkoma moraine without any apparent admixture of later drift, reaching a maximum 
elevation along the base of the moraine of about 200 feet. A similar area, now standing as a 
terrace 30 feet above the later outwash, or about 180 feet above sea level, is seen on the west 
side of the Dix and Half Hollow hills, and a smaller area is foimd on the southwest flanks of 
the group of hills between the Dix and Mannetto groups. The greater part of the area between 
the groups of hills and between the hills and the coast, however, seems to be outwash from ice 
along the Harbor Hill moraine. 

From the Half Hollow Hills to Brentwood is a broad stretch of outwash from ice along the 
Ronkonkoma moraine rising to the height of 150 feet or more and having a typical contour. 
East of Brentwood, however, the outwash, though still present in considerable amounts, becomes 

thinner and the gravels of the Manhasset 
•^ ,^. J formation project through it at intervals. 

^^ ^ li Its maximum elevation is about 160 feet. 
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mixed with Manhasset material and ap- 
parently deposited in a broad valley or estuary in the Manhasset formation. The profile along 
the railroad near Yaphank station shows the relations of the outwash from ice along the Ron- 
konkoma moraine to the Manhasset formation and the notching due to Vineyard erosion 
(fig. 196). 

From Yaphank to Shinnecock Canal the same intermixture of outwash and Manhasset 
forms that was noted west of Yaphank is observed (elevation along moraine 80 to 140 feet), 
but between Shinnecock and Mecox bays the outwash, although much lower, predominates. 
From Mecox Bay to and beyond Bridgehampton the topography is again composite, the Man- 
hasset rising above the outwash at many points and even where below the outwash manifesting 
its presence by kettle channels and other similar features. The marked kettle channel at 
Scuttle Hole has been described (p. 43) and iQustrated (PI. IX, A, p. 42). Outwash deposits 
rise to 150 feet at this point. From Bridgehampton to Easthampton the outwash again con- 
trols the topography (PL XXI, A, p. 118), although considerable influence is exerted locally by 
the Manhasset and the surface is extensively modified by the formation of dunes west of Georgica 
Pond. From Easthampton to Promised Land the topography ia of the mixed type (PL XXI, JB). 
No outwash from ice along the Ronkonkoma moraine is found on Montauk. 



HABBOR HILL MOKAnTE. 
N'AME. 



After the upbuilding of the Ronkonkoma moraine and the associated outwash plains the 
ice retreated northward to or above the line marked by the northern or inner moraine and, 
perhaps after some fluctuation, finally halted on this line. The northern moraine, which extends 
from New York Harbor on the west to Orient Point and beyond on the east, has been desig- 
nated the Harbor Hill moraine, from the hill of that name near Roslyn, at the head of Hemp- 
stead Harbor, this being the highest point of the moraine on Long Island (384 feet). 
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CHABACTEB AND SOUBCB OF MATEBIAL. 



Till is much more abundant in the Harbor Hill moraine as a whole than in the earlier 
Ronkonkoma moraine. This is especially true in the region west of the point where the Harbor 
Hill moraine crosses the Ronkonkoma moraine. From this point stratified materials rapidly 
decrease in amount, and till becomes more conspicuous, and from Jamaica westward nothing 
but till is seen in most of the exposures, even where these are 25 to 30 feet or more in depth. 
The moraine in this part of the island is, in fact, composed practically of till, consisting largely 
of Triassic material brought from the northwest across Hudson River. Bowlders abound in 
this region (PI. V, B, p. 32). 

East of the point where it crosses the older ridge the Harbor Hill moraine becomes more 
gravelly, stratified materials being observed practically to the top of Harbor Hill. In this 
region the moraine contains much stained quartz from the Mannetto gravel and some white 
quartz from the Cretaceous. Till is not at all uncommon and bowlders are fairly numerous, 
though generaUy small. From the vicinity of Oyster Bay eastward to Port Jefferson both till 
and gravel are largely represented in the moraine, but sandy phases, such as occur in the outer 
moraine, are not common. 

East of Port Jefferson the moraine, although containing abundant stratified material, 
carries more unstratified drift, especially bowlders, which in places line the beach or even form 
bowlder pavements and heaps extending for considerable distances. The bowlders considerably 
exceed in number those in the outer moraine and their average size is much larger. Several 
from 30 to 50 feet in diameter have been seen. 

In general the source of the material is similar to that of the material in the Wisconsin till 
sheet, for it likewise varies in character according to the nature of the material over which the 
ice passed. Granitic pebbles and bowlders are more common in the inner than in the outer 
moraine, indicating a greater percentage of materials, at least of the coarser sizes, from the 
mainland. 

BELATION8 TO OLDEB DEPOSITS. 

The Harbor HiU moraine, like the Ronkonkoma, rests upon the eroded surfaces of several 
older formations. West of Hempstead Harbor it lies upon gravek of the Manhasset formation, 
the surface of which descends westward from about 180 feet above sea level near Roslyn to 
sea level or below at the Narrows of New York Harbor. For several miles east of Roslyn the 
moraine seems to be underlain by Mannetto remnants reaching a height of considerably more 
than 200 feet. To judge from the topography of the deposits of this character south of Wheatley, 
the buried Mannetto surface must be very irregular (PI. VI, D, p. 32). From this point eastr- 
ward to the end of the North Fluke the relations of the moraine to older deposits, though irreg- 
ular, are very simple, the moraine resting almost solely upon the Manhasset surface, stretching 
across its flat terraces, descending its slopes, and crossing its deep valleys. The elevation of 
the base of the moraine ranges from a little below sea level to the level of the Manhasset Plateau. 
This plateau gradually declines from an altitude of 200 feet near Huntington to 160 feet in the 
vicinity of Port Jefferson, 80 feet north of Riverhead, and scarcely 20 feet at Orient Point. 

DISTBIBUTION. 

The Harbor Hill moraine shows a distinctly lobate form, the lobes being, however, on a 
smaller scale than those of the Ronkonkoma ridge and apparently being due to the influence of 
the bottom of the Sound or of the form of the north shore upon the movement of the ice. The 
lobes are not, however, marked by any distinctive characteristics of composition, structure, or 
form. 

The part of the moraine west of Manhasset Bay differs from that in any other portion of 
the island both in composition and topography. The material is here practically all till, the 
moraine possessing a more subdued topography, the steep hills, small cones, irregular gravel heaps, 
and steep-sided kettles characteristic of the stratified moraine being replaced by larger, more 
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regular hilk with relatively gentle slopes and less irregular, shallower, and less abrupt depres- 
sions. The moraine in this region rises to a height ranging from 100 feet in the vicinity of the 
Narrows to nearly 260 feet southwest of Manhasset Bay, or from 80 to 100 feet above the Man- 
hasset formation, upon which it rests. A feature of the ridge in this part of the island is the 
distinct erosion scarp along its south side from the vicinity of its junction with the older moraine 
south of Manhasset Bay westward to Brooklyn (PI. XI, Z), p. 52). This, however, is a sub- 
sequent feature and not a normal phase of morainal development. 

East of Manhasset Bay there are no important gaps in the continuity of the moraine, the 
ridge being unusually persistent and uniform. At the heads of Manhasset Bay and Hempstead 
Harbor, however, the moraine is cut by sharp and deep channels leading southward across the 
outwash plain. Each of these gaps or passes has an altitude of about 180 feet, or very nearly 
that of the Manhasset surface. The moraine rises to a height of 384 feet in Harbor Hill, or 200 
feet above the Manhasset level. Exposures in large gravel pits in the valley beneath the moraine 
near Roslyn show horizontal Manhasset deposits, establishing the superficial character of the 
morainal accumulations. 

East of this point for about 7 miles the ridge is practically continuous, although gradually 
declining in elevation until near Cold Spring Harbor it hardly rises above the Manhasset out- 
wash levels. The valley at this point, although the slopes are more or less covered with till, 
seems to have been occupied by residual ice during the upbuilding of the morainal and outwash 
deposits, and to this fact it owes its freedom from Wisconsin filling. 

From Cold Spring Valley to a point near the bend of the railroad east of Greenlawn the 
moraine is again fairly continuous, although a break of some importance is found 2 miles 
southwest of Huntington. Near the bend of the railroad mentioned there is a still more impor- 
tant break marking the passage of an outwash channel, which can be distinctly traced to 
Babylon, on the south shore. Other breaks occur between Larkfield and Kings Park stations, 
at Nisseqtrogue River, and at Fort Jefferson. At the last-named point a large gravel pit 
gave (in 1903) an almost complete section of the Manhasset formation up to the base of the 
overlying moraine, conclusively showing the superior stratigraphic position of the morainal 
ridge. 

The rolling topography of the Harbor Hill moraine is exhibited east of Fort Jefferson, 
where, although the cliff is generally covered with talus, enough can be seen to show that the 
morainal till is a superficial deposit resting on horizontal gravels of the Manhasset formation, 
which make up three-fourths of the bluff. The moraine in this interval, although still having 
the nature of a ridge, in places rises less than 60 feet above the Manhasset terrace on which 
it rests. It is marked, however, by kettles that are more conspicuous than any^ found west 
of this point, some of them 40 to 60 feet in depth and having unusually steep slopes. 

East of Fort Jefferson station the moraine is essentially of the ^* depressed '* type for 2^ 
miles (Fl. VII, B, p. 34), there being practically no ridge. Instead, the outwash plain breaks 
off sharply into a belt of inmiense kettles (fig. 12, p. 34), the bottoms of which lie as low as 
100 to 120 feet above sea level, or 60 to 80 feet below the surrounding plain. 

Near Miller Flace the moraine again takes the form of a ridge, which persists without 
notable breaks for more than 10 miles. It reaches an elevation of 220 feet southeast of Miller 
Flace, 260 feet near Rocky Foint village, 246 feet northeast of Wardencliffe, and 230 feet 
northeast of Wading River. As the Manhasset rises but little over 100 feet above the sea in 
this region, the Harbor HUl moraine is thicker here than in most other places on the island. 
The bowlders in it rapidly increase in number and size east of Fort Jefferson, although they 
are not so numerous on the beach as at points farther west, because the waves have not cut 
so far into the moraine. Among the largest of the inland bowlders is one foimd half a mile 
northwest of Wading River village near the marsh. It is a sharp pyramid of granite having 
a height of 20 feet, a base measuring 18 by 15 feet, and a cubic content of about 4,000 feet. 
About it lay several other large fragments, apparently originally parts of the same bowlder 
One of these was over 10 feet in diameter and contained 1,000 cubic feet or more. A still 
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more massive bowlder was seen just north of the highway from Wading River as it turns to go 
up the valley toward Wardencliffe, a little over a mile west of Wading River. Although partly 
buried this block probably measures 20 by 20 by 16 feet and contains about 6,400 cubic feet. 

Between Wading River and Fresh Pond Landing the morainal development rapidly 
weakens, the crest declining from a height of over 220 feet, or 120 feet above the Manhasset, 
at a point southwest of Paines Landing to 150 feet, or only 50 feet above the Manhasset, near 
Fresh Pond Landing. In fact, this point marks the end of the moraine as a prominent ridge, 
a considerable part and in places even the whole of the ridge farther east, although generally 
r^arded as a moraine, consisting in reality of sand dunes. It is, however, very difficult to 
separate the two in the absence of sections, for a coating of sand a few feet thick may cover 
and obscure morainal accumulations of great importance and give the ridge the appearance of 
being composed of dunes when it is in reality largely morainal. For this reason it has been 
thought best, except where the dunes are known to predominate, to map the ridge as moraine. 

In general, the moraine east of Fresh Pond Landing may be described as ranging from a 
low diaconnected ridge to isolated patches of morainal drift, the whole covered in many places 
with a thick coating of dune sand. Here and there, as northwest of Centerville, the morainal 
deposits reach an altitude of 240 feet, or 140 feet above the Manhasset, but in general 170 feet 
is the maximum elevation and 80 feet the height above the Manhasset. The moraine is here 
usually a narrow ridge, which in places retains but a fraction of its original width, the remainder 
having been cut away by the sea, as shown by the bowlders upon the beach and in the water 
as well as by the topography. The seaward side of the moraine is generally a steep bluff more 
or less covered with talus, and the inner side is a more gentle depositional slope. 

The pseudomorainal character of the ridge where it consists predominantly of sand has 
been mentioned. It is well brought out by Plate VIII, B (p. 34), which shows a ridge 20 feet 
or more in height and exhibiting a topography that would ordinarily be regarded as unques- 
tionably morainal, but the section shows it to consist entirely of dune sand. The morainal 
accumulations are tere represented only by the till less than 5 feet thick underlying the sand. 
Plate VIII, -4., is a distant view of a much larger hill, probably not less than 50 feet high, which 
likewise appears to consist largely of dune sand. 

The region east of Riverhead, more especially that east of Greenport, presents many 
opportunities for determining beyond all question the relations of the moraine to the Man- 
hasset formation, many sections both in the bluffs and in the amphitheaters and ravines 
showing the thick till of the moraine resting upon horizontal Manhasset beds. In 1903 the 
best sections seen were half a mile northeast of Inlet Point, north of Greenport, and near 
Rocky Point, east of Marion. Any storm, however, is likely to change materially the char- 
acter of the sections. Those seen in 1903 were no longer conspicuous in 1904, but probably 
others equally good have been exposed since. Care should be taken not to mistake the Mon- 
tauk till member of the Manhasset formation, which occurs in considerable thickness at the 
top of the bluff at several points, for the Wisconsin morainal deposits. 

The inmiense number and large size of the bowlders on the north coast from Greenport 
eastward constitute a striking feature. Not only is much of the beach covered with an 
unbroken pavement, but the bowlders are in places piled upon one another in great masses. 
Plate XXIV, Aj shows the appearance of the beach where a moderate number of bowlders are 
present. A list of a number of the largest of those that have been measured or estimated is 
given below. It should be noted, however, that many of these bowlders lie in front of cliffs 
in which both Wisconsin and Montauk materials are exposed and that a portion unquestionably 
belong to the older deposit (Montauk) . 
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Large bowlders on Long Island, 



Location. 


Situation or referpjioe. 


Sise. 


Near W hitestone Point 


R^pii^rt^ by R, T), flAlUbiiry a. . . , . , 


20-foot bowlder. 


N«ir Fdpn Point. 


Rflport/ftd by R. P. Pallsbury 


Do. 




Reported by Warren Upham 6 


54 by 40 by 16 feet. 


North Hempstead 


Rf twrted by Samnnl L.'Mitchitl « 


40 feet long, 20 to 40 feet wide, 10 to 17 fBet 

high. 
17 by 14 by 9 feet. 


} mile southeast of Llovd Point 


On beach: nrobablv from Wisconsin till 


milA south of HakMiit<> . . . . 


Tn till in <f anhawwt ValW , . ^ 


Diameter 20 feet. 


miJe south of Crane Neck Point 


In Montaiik till m^mN^r of M anhass^t formation 


Diameter 30 feet. 


mile SAiith of Port JAfTATHon . . _ , . 


Ti^ till f n M anh(»fmt Vftllny 


35 by 20 by 5 feet. 


1 mile west of WoodviUe Landing 


On beach in front of moraine 


25 by 10 ftet. 


i miles west of Wading River. 7. 


Near highway through valley in moraine, etc 


20 bv 20 bv Ifi ftttt. 


mUe northwest of Wading River 


Slope of moraine nec^ edge oi marsh ; Pyramid/base 20 by 18 feet, height 15 



East Landins, Wading River. 
Near Hulse Landing 



Near Friars Head 

Lmile west of Jacob Point 
iddle of Oregon Hills 

\ mile west of Duck Pond Point. 

\\ miles east of Horton Point 

~ mile east of Inlet Pohit 

mile east of Inlet Point 

mile southwest of Inlet Point . . 
mile southwest of Rocky Point. 
Sast of Rocky Point 



On beach in front of moraine 

On beach and in water. Both Montauk till member of 

Manhasset formation and Wisconsin drift present in 

bluff. 
do 



do. 



Jennings Point. Shelter Island. 
2 miles north of Eastport 



On beach hi front of moraine 

do 

In water in front of moraine 

On beach in front of moraine 

Bowlder pavement on beach in front of moraine. 

do 

In water in front of moraine 

On beach in front of moraine 



Reported by F. J. H. Merrill d 

In moraine. Reported by John Bryson t. 



feet. 

26 by 20 by 6 feet. 
Hundreds from 10 to 20 feet in diameter. 



30 by 15 by 8 feet. 

38 by 20 by 11 feet. 

Diameter 15 liBet. 

Base 23 by 20 feet; height 10 to 18 feet. 

Diameter 25 feet. 

Do. 
Many over 10 feet in dianaeter. 

Do. 
25 by 25 by 30 feet. 
Several bowlders 20 to 25 feet in diameter. 

Probably 30 to 40 feet befoie. 
9,000 cubic feet 
50 feet in circuinferanoe, 20 feet high 

(originally 125 feet in ciroumlierence). 



oNew York City folio (No. 83). Geol. Atlas U. S., U. S. Geol. Survey, 1902, p. 14. 

ft Am. Jour. Sci., 3d ser., voL 18, 1879, p. 201. 

e Med. Repository, vol. 3. 1800, p. 330. 

4 Annals New York Acad. Sci., vol. 3, 1886, pp. 341-364. 

e Am. Oeologist, voL 16, 1805, pp. 228-233. 

Owing to the covering of dune sand, it is not always possible to recognize small breaks in 
the moraine. The first break in the region east of Fresh Pond Landing is northwest of Baiting 
Hollow, where the outwash, except for a thin coating of dunes, reaches the edges of the bluffs 
bordering the north shore. At Mattituck Inlet is a more important break, the gap here being 
more than a mile wide and extending to sea level. A small break with a southward-leading 
channel intersects the Oregon Hills. Other important breaks occur at Hashamomuck Pond 
and a mile northeast of that place, both the moraine and the Manhasset formation being cut 
to or below sea level. This shows that before their connection by sand bars and marshes what 
is now the North Fluke consisted of a number a detached semimorainal islands, such as Plum 
Island is to-day. The most easterly break is at Truman Beach, near Orient, this likewise 
marking a former channel between islands. 

OUTWASH F&OM ICX ALOITG EABBOR HILL MORAINE. 



GENERAL CHARACTERISTICS. 



The deposition of the Harbor Hill ridge, like that of the earlier moraine, was accompanied 
by the formation of a more or less extensive outwash deposit. In composition this deposit shows 
no material difference from the outwash from the ice along the earlier (Ronkonkoma) moraine 
already described (p. 1 66) , varyuig in the same manner from point to point according to the nature 
of the materials over which the ice passed. The sources of the materials of the two outwash 
deposits are practically identical, and so far as can be seen, the mode of deposition and character 
of the bedding (flow and plunge structure, etc.) are likewise the same. The brownish sandy 
or pebbly loam and clayey sand (comparable with the so-called Jamesburg loam of New Jersey), 
described as locally forming superficial coatings over the outwash from ice along the Ronkon- 
koma moraine, are likewise present in places on the outwash from ice along the Harbor HDl 
moraine, the most conspicuous developments being (1) in the easterly of two outwash channels 
northeast of High Hill, (2) in the region southeast of Elwood and northeast of the Dix Hills, 
(3) in the district north of Coram, (4) at points between Wardencliffe and Ridge, and (5) in 
the region south of Manorville. It is also found locally near Jamaica. Like the outwash 
from ice along the Ronkonkoma moraine, the outwash from ice along the Harbor Hill moraine 
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rests upon the eroded surface of gravels of the Manhasset formation, and being, as a rule, rela- 
tively thin, in many places fails to hide the Manhasset topography, which is made apparent to 
the eye by the numerous kettle valleys or by elevations rising above the outwash level. The 
topography of the outwash differs in no essential way from that of outwash along the Ron- 
konkoma moraine. 

DISTRIBUTION. 

Narrows to Jammca. — The plains in the stretch of more than 15 miles between the Narrows 
and Jamaica are low and flat, and exhibit a lobate fan-shaped outline with radiating drainage 
creases converging toward the base of the moraine at three district points — near Prospect Park, 
in Brooklyn, at East New York, and near Dunton, southwest of Jamaica. The surface is locally 
covered by a foot or more of brownish loam resembling the '^Jamesburg loam" of New Jersey 
(p. 172). 

Roslyn-Hempstead region, — The deposit in the area between the moraines south of Roslyn 
has been described under Manhasset formation (p. 116). It may be regarded either as a kettle 
plain over a Manhasset surface or as a thin outwash among higher Manhasset hills, but more 
probably it is a combination of the two. South of the outer moraine the kettles disappear 
and the later and earlier outwash deposits mei^e into the broad Hempstead plains, in which 
they could not be differentiated. 

WheatUy-Cold Spring region, — ^From the Wheatley Hills to the valley at Cold Spring 
station the outwash from ice along the Harbor Hill moraine is represented by a narrow strip, 
in few places more than 2 miles wide, of what may be called a kettle plain, the ordinarily smooth 
outwash surface being broken at many points by kettles, some steep-sided and of considerable 
depth, which evidently mark the former positions of melting ice masses in the valleys of the 
Manhasset formation, which is here not far below the outwash surface. 

HunHngUyn^Bahylon region, — Stretching southward from the Harbor Hill moraine between 
Cold Spring Valley and Greenlawn is one of the most strongly developed outwash deposits 
from ice along the Harbor Hill moraine. In detail it consists of two broad level outwash chan- 
nels from half a mile to 1^ miles in breadth, one leading southeast from the morainal ridge 
near Cold Spring and passing between High Hill and the hills south of the Huntington fair 
ground, the other leading southwest from the base of the ridge near Greenlawn and passing 
between the Dix HiUs and the hills before mentioned, the two uniting near Melville between the 
Mannetto and Half Hollow hills. Between the two channels, in the vicinity of the fair ground, 
is an extensive area of outwash of the kettle-plain type. Many of the kettles are more than a 
quarter of a mile long, two more than half a mile, and one more than a nule. Several kettles, 
especially the largest, have a branching form such as would characterize kettles resulting from 
the melting of ice masses in old Manhasset valleys, and this, in fact, is probably their origin. 
Some of the ice blocks evidently rose distinctly above the outwash surface, for ridges, apparently 
of materials set free from the melting of the ice masses, are found on the kettle rims along the 
fair-ground road and elsewhere. 

The deposits of the united outwash channels pass southward as a belt more than 2 miles 
in breadth between the Mannetto and Half Hollow hills, beyond which they spread out in a 
broad fan stretching along the coast from Massapequa to Babylon. 

The greater part of the outwash, including most of that south of the Mannetto and Half 
Hollow hUls, appears to have been deposited during the earlier stages of the Harbor Hill ice 
halt and before the melting of the ice blocks in the intermorainic district. It is probable that 
at this time the entire area between the moraines was of the kettle-plain type. In the later 
stages of the ice halt less material was set free, the waters coming mainly from two points, one 
at each end of the area. By this time the ice blocks seem to have largely melted and the kettles 
along the two outwash streams became filled. No further materials, however, appear to have 
been deposited in the Fairground area between these streams. So slight was the amount of 
detritus carried by the streams that it appears to have been deposited before Melville was 
reached, the waters at this point gathering into definite channels, one on each side of the valley, 
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leading southward toward the coast. Of these channels the one on the east side continues 
sharp and distinct to the point where it empties into Great South Bay, near Babylon, but the 
^ more westerly stream was apparently weaker and its channel is somewhat indefinite in the 
lower part of its course. 

SmitJUovm region. — East of Greenlawn thick outwash is found only in a belt a mile or two 
in width along the base of the moraine, beyond which the Manhasset approaches the surface 
and exerts a decided influence on the topography. East of a line from Kings Park to Commack 
the outwash entirely disappears, leaving the broad drainage basin of Nissequogue River (PL X, 
p. 46) as destitute of outwash as it is of till. (See p. 162.) This is the so-called Smithtown 
"driftless" area. 

Port Jefferson region. — ^At Smithtown Branch and St. James the outwash is again recog- 
nized along the moraine, but it decreases in thickness toward the south, Manhasset drainage 
lines being recognizable within 2 or 3 miles of the moraine. The southerly part of the belt 
is dotted by kettles, many of them occupied by ponds, the largest and most beautiful of which is 
the well-known Lake Ronkonkoma. Several of the depressions are of the kettle-valley type. 

South of Port Jefferson the outwash plain is well developed for 2 miles or more south of the 
moraine, but irregularities in the form of kettles appear near TenyviUe, and a little farther 
south low but distinct ridges and valleys, such as everywhere characterize the Manhasset surface, 
are seen. It is evident that the outwash is very thin and probably is confined largely to the 
valleys. The surface of a considerable area near the outer moraine has been reworked by winds 
and a coating of dune sand spread over it, in places completely hiding the underlying materials. 

Rocky PoirU and Riverliead area. — ^East of Port Jefferson the outwash becomes still thinner, 
and kettle vaUeys and even unfilled Manhasset drainage channels are seen dose to the moraine at 

numerous points, as near Rocky Point, 
^, at Wading River, south of Fresh Pond 
J, Landing, and northwest of Riverhead. 
3 The kettle valleys in this region (see 

FiauRE 197.— KetUe rim of till near highway between Mattituck and Cutchogue. "^^' ^^^ ^» P' ^^' AA, p. 116) are 

among the most conspicuous on the 
island, individual kettles reaching a depth of 60 to 80 feet and having a length of several miles. 
Northwest of Riverhead chains of kettles, instead of single elongated hollows, mark the Man- 
hasset valleys (PI. IX, C). One of these is 4 or Smiles long. Some of the kettles are marked 
by raised lims, apparently consisting of material set free from the ice blocks, which must there- 
fore have risen above the surrounding surface. 

The true outwash from ice along the Harbor HJll moraine does not extend south of Peconic 
River, the Wisconsin materials there consisting of kame and local outwash deposits resting on 
an irregular Manhasset surface, the whole having a distinct morainal aspect. The deposits are, 
nevertheless, in the main sharply separated from the Ronkonkoma morainal ridge and are 
better mapped as outwash than as moraine. 

North Fluke. — On the North Fluke the outwash plain becomes narrower toward the east, 
being about 4 miles wide at Riverhead and absent at Orient Point. It becomes progressively 
thinner and the Manhasset controls more and more of the topography. There are, however, 
fewer kettles and kettle valleys, presumably because the Manhasset surface, on which the outr 
wash rests, was more level than at points farther west owing to its slight elevation and conse- 
quently less-marked erosion. Kettles are nevertheless not uncommon, especially between 
Riverhead and Mattituck, and open Manhasset or kettle valleys nearly or quite cut through 
this fluke at Mattituck and at Hashamomuck and Truman beaches. Some of these kettles 
show, in addition to the usual bowlders, marginal ridges of drift set free by the melting of the 
ice blocks. One of the best examples of these, found about 1 i miles northeast of Mattituck 
on the road to Cutchogue, is shown in figure 197, the rims being raised about 20 feet above 
the surrounding plain. A pair of kettles near the second road leading northwest from the 
Cutchogue-Southold highway, about IJ miles northeast of Cutchogue, showed a sharp connect- 
ing crease as if cut by water flowing from one into the other. 
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OUTWASH CHANNELS. 



In the later part, or at the end of the Harbor Hill substage of outwash deposition, the out- 
flowing glacial waters were no longer overloaded with dfibris, and hence ceased to deposit and 
began to erode. As a result numerous weU-defined and some large channels leading southward 
toward the sea were cut in the surface of the outwash. The greater number of these channels 
start at or near the Harbor Hill morame and cross the island to the south coast, but some 
start at the moraine and become indistinct before reaching the sea and others begin several 
miles south of the moraine. 

Roslyn channel. — ^Tho most western channel of importance is that starting at the gap in 
the moraine at Roslyn. This is a sharp, well-defined channel several hundred feet wide, about 
15 feet deep and in places, as at the road hatf a mile south of Kosljm station, characterized 
by a low terrace between the bottom and the outwash level. Its course is shown by the geologic 
map (PI. I, in pocket). 

MdmUe channda. — ^The next important channels are those leading southward from Melville 
between the Mannetto and Half Hollow hills. The character and significance of these channels 
have been discussed in another place (p. 49). 

Genterport-Bdbylon channel, — One of the most persistent of the smaller channels is that east 
of the Dix Hills. Starting at the moraine near the head of Northport Harbor, it extends across 
the steep outwash fans to Elwood, across the combined outwash and Manhasset to Commack, 
through the Ronkonkoma moraine at the east end of the Dix Hills, and across the outwash 
from ice along the Ronkonkoma moraine to the south shore at Babylon, 16 miles from its point 
of beginning. 

Connetquot channel. — ^The broad Connetquot channel, which measures from a mile to a 
mile and a half in width, starts near Smithtown and runs first eastward and then southward, 
emptying into Great South Bay between Islip and SayviUe. In many respects it is unique 
among the Long Island channels. It neither heads in the moraine nor develops in an outwash 
plain. Instead, it starts high above drainage level on the east side of the Smithtown ''drifdess" 
area (PI. X, p. 46) and makes a broad bend to the northwest and then another to the south 
before finally passing through the outer moraine. The northerly and easterly side of the channel 
is marked by a sharp and distinct scarp, 20 to 30 feet or more above the floor of the channel, 
and intersected at short intervals by drainage creases, now streamless. The same scarp is found 
at the gap in the moraine and on both sides of the channel for some distance to the south, but 
it gradually becomes less conspicuous and is bounded by gentler slopes. Many of the tributary 
drainage creases are well developed and branching, being far more advanced than any other 
post- Wisconsin channels on the island. A similar drainage system is found a short distance 
to the east, converging toward the gap in the moraine through which the main channel passes. 

The advanced stage of development of the Nissequogue drainage system on the west side 
of the river suggests that a similar stage may have existed at some time on the east. This 
the writer believes to have been the case, the headwaters being represented by the larger branch- 
ing channels entering the Connetquot channel between Smithtown Branch and the moraine. 
Another drainage system with its principal headwaters northwest of Lake Ronkonkoma, 
but with another branch heading somewhere east of Hauppauge, is thought to have led south- 
ward along the present course of Connetquot River. Before the advance of the main Wisconsin 
ice sheet the western half of the Nissequogue drainage basin appears to have been covered 
with snow or snow ice, so that the glacier passed over to the moraine beyond without either 
disturbing the surface or covering it with drift. In the eastern part of the basin, however, 
the conditions were different, at least in the later part of the invasion, and sufficient drift, 
mainly stratified, was deposited to cover and obliterate the dramage topography. The ice 
over the western half of the drainage system persisted after the retreat of the ice from the 
Ronkonkoma moraine, but in the eastern half only a few buried masses remained. Over this 
eastern area, it is thought, there swept large quantities of water, the current following the 
outside of the curve marking the easterly boundary of the Connetquot channel from Smith- 
town Branch to the moraine, cutting the sharp terrace which lies just east of the highway 
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between the points mentioned, crossing the old divide east of Hauppaiige, and flowing down 
a pre-Wisconsin channel of a tributary to the stream heading in the district northwest of Lake 
Ronkonkoma. After the cessation of the outflow the ice masses imderlying the outwash 
deposits melted, leaving the rolling surface now seen, and the erosion of the minor notches in 
the cliffs began. The history outlined is somewhat complicated, but it seems to fit the facts 
better than any other explanation yet proposed. 

CHarmans River channel, — ^The only other channel of importance is that along Carmans River 
in the vicinity of Yaphank. Most of that part lying south of the moraine belongs to the Ron- 
konkoma substage, but a narrow channel along the present stream seems to belong to a later 
stage. The channel is believed to mark an intermediate outwash deposit laid down later than 
the Ronkonkoma moraine but earlier than the Harbor Hill moraine and the outwash from ice 
along it. (See fig. 196, p. 168.) 

BETBEATAL DBPOSITS. 

The final retreat of the ice from its position upon the surface of the gravels of the Manhasset 
formation appears to have been accompanied by no considerable outwash, the deposits that 
were left on the surface during the retreat being composed of till rather than gravel. In some 
of the cliff sections a few feet of gravel rests on the till and it is believed to represent outwash 
deposits of the final retreat. Such deposits, however, are more commonly absent than present. 
Some of the swells breaking the regularity of the plateau-like Manhasset surfaces may represent 
low, flat outwash fans of this stage, but the number of bowlders lying upon most of the surface 
seems to indicate that the top deposits are mainly of till. Channels cut by streams issuing 
from the ice sheet during its retreat persist at several points. 

R. D. Salisbury ^ and his associates mapped considerable areas on the north side of the 
island from East River to Flushing Bay as stratified drift of the last retreat, and as there was 
DO opportunity for a reexamination of the area, this mapping has been followed in the present 
report. The fact that the surface gravel overlies the main drift of the region does not, however, 
necessarily indicate that it is Wisconsin. On the' contrary it may be the Hempstead gravel 
member of the Manhasset formation resting upon the Montauk tiU member of the Manhasset, 
as was foimd to be true of the College Point ''kames," the Wisconsin till in many places being 
almost unnoticeable. 

The most satisfactory exposure of retreatal material is found on Manhasset Neck northwest 
of Port Washington (PI. IV, p. 30), where a broad delta exhibiting characteristic foresets and 
topsets was formerly to be seen but has been now largely removed for the sand and gravel it 
contained. According to J. B. Woodworth,^ who studied the delta in detail, it was formed in 
a local glacial lake djuiring the ice retreat, the water standing about 80 feet above the present 
level of the sea. 

A thin retreatal outwash deposit resembling that between the Harbor Hill and Ronkon- 
koma moraines south of Huntington mantles the surface of Lloyd Neck. At the time of its 
accumulation ice masses stUl rested in its valleys and on their subsequent melting gave rise to 
the numerous kettles and kettle valleys. These are well shown by the topographic map (PI. 
U, in pocket). 

RECENT SERIES. 
EXTENT. 

The Recent deposits, although not extensive compared to the glacial and older materials, 
are nevertheless of considerable importance. A stretch of nearly 100 miles of beach, probably 
averaging a quarter of a mile in width, has been constructed, making an addition of 25 square 
miles to the area of the island. The largest addition, however, has been made through the 
growth of the salt marshes, which have extended the area of the island by at least 100 square 
miles. The fresh- water marshes probably have an aggregate area of 15 square miles or more, 
and dune sands cover about 25 square miles of inland territory in addition to that along the 

1 New York City folio (No. 83), Oeol. Atlas U. S., U. S. Geol. Survey, 1902. « BuU. New York State lius. No. 48, 1901, p. 663. 
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beaches. In all probably more than 125 square miles of the present area of the island is due 
to accumulation in Recent time. This, however, is probably more than counterbalanced by the 
land lost by erosion and by subsidence. 

STREAM DEPOSrrS. 

Deposits in stream channels. — ^Although Long Island aboimds with stream-cut valleys and 
channels, there are few stream deposits that can be referred to postglacial accumulation. 
On the plateau of the north shore the valleys are older than the last ice invasion, with the 
deposits of which their sides are locally mantled. The action of streams in Recent time is usually 
limited to a shallow notching of the valley bottoms or to slight washes of sand and gravels from 
their sides. 

Most of the channels in the plaios of the southern half of the island are not occupied by streams 
at the present time, evidently having been cut imder conditions quite different from those now 
existing. Some of these channels proceed from the outer or Ronkonkoma moraine, others rise 
back of it, and still others even start from notches in the inner ridge, indicating that the source 
of the water was in the ice. Many of the minor channels, however, are cut only a mile or two 
back from the sea, and these, it seems likely, were cut, in part at least, by postglacial stream 
action before the protecting mantle of vegetation obtained a foothold. In the latter channels, if 
not in some ot the former, the surface materials have probably been more or less shifted in post- 
glacial time and hence are to be included with the Recent deposits. The same is true of many 
of the notchlike channels at points on the flanks of the moraines. 

AUuvialfans, — At the base of each moraine there are many more or less fanlike accumula- 
tions of sand and gravel brought down as local wash, largely before the surface was covered 
with vegetation, but in part by wash or creep in Recent time. These deposits are best seen 
where the moraine is high and the materials are sandy, as in the region between the Dix Hills and 
Coram and at a number of points farther east, but are commonly too small to be indicated by 
the contours of the topographic map. Many small but well-developed fans also occur at the 
mouths of the ravines of the Mannetto and Half Hollow hills south of the moraine, and typical 
talus cones and fans occur at the base of the bluffs and at mouths of ravines along the north 
shore of the island. 

Deltas. — Because of the slight amount of postglacial erosion that has taken place, deltas 
are, as would naturally be expected, practically absent at the mouths of the valleys, SmaU 
deltas from 50 to 100 feet in diameter are often formed during heavy rains from materials washed 
from the ravines of the north shore, but these are usually destroyed by the currents or waves 
in a short time. The harbors of the north shore and the great bays of the south shore are more 
or less filled with sands shifted about under the action of the tide, but these deposits appear to 
bear no relation to the streams emptying into the sea in the vicinity. Here and there deltas 
are formed by tidal currents both inside and outside of the inlets through the beaches, but most 
of them are small. The shoal lying off the mouth of Nissequogue River is the only one of any 
consequence resembling a delta indicated by the charts. 

MARINE DEPOSITS. 
BEACHES AFD SPITS. 

A long stretch of beach extends with a few interruptions from Coney Island to Southampton, 
a distance of nearly 90 nules, and separates from the ocean several partly or completely inclosed 
bays, such as Jamaica, Great South, Moriches, and Shinnecock. The longest stretch of unbroken 
beach is that extending westward from Southampton to Fire Island Inlet — a distance of 45 miles. 
This beach, which is almost a straight line throughout its length, is rarely more than half a mile 
and generally less than a quarter of a mile wide. The part south of Shinnecock Bay is known 
as Hampton Beach, but most of the remainder is designated Fire Island Beach. Waves occa- 
sionally cut through it in time of storm, although the openings are commonly soon closed again. 

1629"— 14 ^13 
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Shinnecock Bay, just west of Southampton, 9 miles long and 3 miles wide, has at present no 
direct connection with the ocean , but a canal leads northward into Great Peconic Bay and 
another westward into Moriches Bay. An artificial cut made to the ocean was soon closed by 
the waves. Moriches Bay is connected through a narrow natural channel with Great South Bay, 
which in turn connects with the ocean through Fire Island Inlet. 

The beach is composed mainly of quartz sand, although some gametiferous and magnetic 
materials are seen. Pebbles are generally scarce, but some are seen where the beaches connect 
with the main island, as near Southampton and Westhampton. The surface above high-water 
mark is generally covered with dunes from 5 to 20 or even 30 feet in height, among which are 
scattered many small fresh marshes. The movement of materials by the waves is plainly west- 
ward, the chief source being between Southampton and Montauk, where the coast, as has been 
seen, has suffered considerable erosion. It is possible, also, that a part of the material has been 
thrown up from the shallow sea bottom of the vicinity by the action of waves. Practically no 
sand is contributed by the streams of the island at the present time. 

West of Fire Island is the beach known as Oak Island Beach in the eastern part and Jones 
Beach in the western part. This beach begins about a mile north and a little more than a mile 
east of the west end of Fire Island Beach. It seems to have never been connected with the 
main island and appears to be older than Fire Island Beach, which is now being built outside 
and overlapping it. It is therefore a pure barrier beach, whereas Fire Island Beach partakes 
of the nature of a spit. 

Just west of Jones Beach and separated from it by the narrow Zachs Inlet is Short Beach, 
about 2 miles in length. Beyond is Jones Inlet, followed by Long Beach, about 8 miles in length, 
and Far Rockaway and Rockaway beaches, which are continuous and together about 11 miles 
long. Manhattan and Brighton beaches, lying west of Rockaway Inlet on Coney Island, which 
are together about 5 miles in length, complete the list. All these beaches are without natural 
connection with the main island and have derived no material directly from it, being essentially 
barriers. They show some diversity in direction, with a tendency to overlap, seen where the 
Rockaway approaches the Manhattan Beach. 

North of Long, Jones, and Oak Island beaches there are a number of small sa^dy islands 
in a line parallel to the beaches, with which their longer diameters are also parallel. 
These appear to represent the earliest bars formed by the waves and currents in the shallow 
waters off the south coast. Later the longer, higher, and more connected barriers, such as Oak 
Island, Jones, Long, and Rockaway beachas, were built up outside of the earlier bars from mate- 
rials derived from the sea bottom. At the same time a spit was being projected westward from 
Southampton (Hampton Beach), composed of material derived from erosion of the shore farther 
east rather than directly from the sea bottom. Later, partly with material from the same 
source and partly with sands from the sea bottom, the spit was extended westward to Fire 
Island Inlet, slightly overlapping the earlier Oak Island Beach. 

The process of formation of the beaches is not continuous. Many feet may be added in a 
single storm; again, the waters of the ocean may break through, leaving wide gaps in the pre- 
viously continuous beach. There is also at many points a tendency to periodic changes from 
deposition to erosion. Thus for a long time Fire Island Beach has been building outward, but 
at the time of the present field work the waves were cutting it away, leaving everywhere at 
high-tide line a low scarp 4 or 5 feet high, giving a section through the original beach and its 
capping of dunes. 

COITHECTZNG BEACHES. 

When the ice of the last glacial advance retreated from the region there were many dis- 
connected islets adjoining the main island. In most places the intervening waters were shallow, 
and waves and shore currents rapidly extended hooks and spits from the projecting points and 
later united many of them into connecting beaches, joining the previously independent islets 
and completing Long Island as it now appears. Marshes have also served as a connecting 
agency. Beginning at the west on the north shore, the first islet that has been joined to the 
main island is Hunters Point; next an imnamed island on the Sound in the northeastern part 
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of Long Island City; then Tallman Island near College Point; and Prospect Point on Manhasset 
Neck. All these are connected with the body of the island by marshes. East of Hempstead 
Harbor Dosoris and East islands are connected by beaches; farther along Oak Neck and Center 
Island by beaches and marshes; and Lloyd and Eaton necks, including Duck and one other 
small island, by beaches. There are no further indications of former islands between this point 
and Southold. Between Southold and Greenport breaks exist at Hashamomuck Pond and at 
Pipe Cove, and there was a channel at each end of Truman Beach, near Orient. 

In the bays between the flukes Ram Island, Mashomuck Point, and another smaller island 
were connected with Shelter Island by beaches, and Little Hog Neck was in like manner joined 
to the North Fluke. On the South Fluke the Montauk peninsula was connected with the niain 
island by Napeague Beach, nearly 5 miles in length. Near Sag Harbor, Hog and Jessup necks 
and two smaller islands were connected by beaches or marshes, as were Cow Neck and a small 
island on the south side of Great Peconic Bay. There does not, however, seem to have been 
any natural channel at Canoe Place, west of the Shinnecock HiUs, although the land at this 
point is only a few feet above sea level and but a few hundred feet in width. The canal banks 
show glacial deposits rather than beach sands. A former connection of the waters of Peconic 
and Shinnecock bays would have necessitated a sinking of 10 or 15 feet below the present level 
of the land, a submergence of which there is no evidence. 

SHALL SPITS AJn> HOOBB. 

Among the minor shore features of Long Island are hundreds of small spits and hooks. 
Many of them are very typically developed. They are naturally most common along the irregu- 
lar part of the north coast west oi Port JeflFerson and on the shores of the bays between the 
North and South flukes. Many smaller ones are found on the shores of Great South Bay and 
other bays of the south shore. 

Currents sweeping along any stretch of coast tend to move in straight or gently curving 
lines just outside of the headlands, rather than on lines conforming to the minor irregularities 
and indentations of the shore. The material that they transport is deposited, owing to the 
slackening of their progress, when deeper water is reached, forming bars more or less com- 
pletely connecting the headlands and at many points inclosing areas of relatively deep water. 
The beach between Horton and Duck Pond points, Southold, was formed in this way, and a 
second bar is in process of formation. In places, as near Peacock Point, between Oyster Bay 
and Hempstead Harbor, as much as 600 feet of beach may be built out in a few years .^ Where 
the currents are feeble or conflicting, or the supply of material is not abundant, small straight 
or curved bars are formed rather than the longer ones described. In either case the bars generally 
continue to receive additions of material and are finally built up so that they come within the 
range of influence of the waves, which serve to pile up the materials still further, until they are 
brought above the level of the sea to form connecting beaches, spits, and hooks. Of the spits 
the more prominent are Lloyd Point and East Beach, on Lloyd Neck; Eaton Point and West 
Beach, on Eaton Neck; the spit at the entrance to Smithtown Harbor or Nissequogue River 
(PL XXV) ; West Meadow and the opposite beach at Stony Brook; Setauket and Mount Misery 
beaches on Port Jefferson Harbor; East beach, near Miller Place; Long Beach, near Orient 
Point; the spits at the north and south ends of Gardiners Island; Goff and Lazy points and 
Hicks Island, on the Montauk peninsula; and Cedar Point, Sammys and Acabonack beaches, 
between Sag Harbor and Napeague Beach. (See PI. I, in pocket.) Of these, IJoyd Point, West 
Beach, and the beaches at Alount Misery, Lazy, and Goff points, Hicks Island, and Cedar Point 
are of interest as being curved, hooked, or otherwise complex spits. Many of the smaller un 
named beaches, such as those partly cutting Hempstead and Cold Spring harbors, are of equal 
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MAONZTIO AVD GA&NETIFEROUS SANDS. 

Among the most striking feature of the material of the wave and current formed beaches 
of Long Island are the magnetic and garnetiferous sands, which are seen at many points along 

» Mather, W. W., Geology of New York, pt. 1, 1843, p. 22. 
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the coast, especially on the north shore. These sands occur at some places in beds from half an 
inch to 4 inches thick, several feet wide, and 10 to 100 feet long. They are usually found well 
above the ordinary water level at points where the waves have beaten at imusuaUy high tides 
or in times of storm. This is commonly at the very base of the bluffs. Farther down the beach 
the grains may be either mixed with the coarse sand or gravel, as along parts of the north shore, 
or they may occur as a surface film on the hard-packed sand, as on the more exposed beaches of 
the south shore. 

The sands are derived from the breaking up of the crystalline pebbles or bowlders of the 
drift. The till contains much more of such material than the stratified drift, and the mag- 
netic and gametiferous sands on the beaches appear to be no more abundant in the vicinity 
of the till than elsewhere. This, however, may be due to the fact that most of the till bluffs 
stand in more exposed positions, where the wave action is so strong that the sands are washed 
away, leaving only the heavier cobbles and bowlders on the beach. Few beds of magnetic sands 
were observed on the south side of the island, owing to the general absence of crystalline mate- 
rials except near Montauk, but they are reported on Fire Island Beach off Patchogue. The 
most conspicuous deposits seen in the course of the present field work were near Orient Point 
and between Wading River and Miller Place. The individual beds shift considerably in position 
during each storm, but the general distribution of the sands probably remains fairly constant, 
the present localities closely agreeing with those recorded by Mather in 1838 to 1843. In the 
early days the sands were collected for a forge in Connecticut. 

In order that the magnetite and garnet may be separated from the quartz grains, a thorough 
stirring of the sand seems to be necessary. The advance and retreat of the ordinary small wave 
simply produces a surface film of the heavier magnetite and garnet grains without forming a 
bed. TTie sand must be churned up to a considerable depth by wave after wave before any 
considerable amoimt is separated, hence the beds are usually formed only in time of storm, a 
fact which also accounts for their high position on the beach. 

WIND DEPOSITS. 
CHABACTBR AHD QEHSSAL DIBTRIBTmOir. 

Although not covering areas so extensive nor reaching heights so great as those of some 
other locaUties along the Atlantic coast, the dunes of Long Island are at many points a con- 
spicuous local feature. They have received attention from a niunber of writers, beginning in 
1822 with Timothy Dwight,* who in speaking of the Shinnecock Hills described them as bare 
dunes still drifting with the winds. Drifting sands near Brooklyn were mentioned by John 
Finch ' in 1824. W. W. Mather ' described the dunes of the island in detail in his three reports. 
Elias Lewis * published in 1876 a detailed discussion of their composition, manner of ac^^umu- 
lation, distribution, and size. John Bryson * in 1891 referred the dunes of Easthampton to 
deposits of subglacial streams. 

The dunes in process of formation at the present time, with few exceptions, are limited to 
the immediate vicinity of the beaches. At Easthampton, however, dune sands occur for a dis- 
tance of li miles from the shore, and there is also a considerable area in the interior of the island, 
between Patchogue and Port Jefferson, where wind action has been active in the past and is 
observed locally even at the present time. 

The dune sands consist almost entirely of fine quartz grains, well rounded, and Uttle stained 
by iron. Some garnet and magnetite and here and there grains of other minerals occur, and 
minute fragments of shells are not rare. The magnetite sands are sometimes rather conspicu- 
ous on the sand surfaces after a long-continued period of winds with velocities just sufficient to 
move the lighter quartz grains but not strong enough to transport the heavier magnetite. 

» Travels In New England and New York, vol. 3, 1822, p. 317. 

a Am. Jour. Sci., 1st ser., vol. 7, 1824, pp. 31-43. 

> Rept. New York Geol. Survey, vol: 1» 1837, pp. 61-95; vol. 2, 1838, pp. 121-184; Geology of New York, pt. 1, 1843, pp. 30-33. 

« Pop. Sci. Monthly, vol. 8, 1876, pp. 357-363. 

ft Am Geologist, vol. 8, 1891, pp. 188-190. 
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The dunes generally rest on a black loamy soil zone, if they are of recent formation, or on a 
brownish oxidized zone from which the organic matter has been leached, if they are among 
the older dunes. 

DX7VZ8 AT VAPEAOT7E BBACH. 

Napeague Beach and vicinity constitute the most conspicuous dune area on the island. 
Five miles long and nearly 2 miles wide it comprises little but irregular sand heaps from 10 to 
30 feet or more in height, between which are many small marshes fed by the fresh waters caught 
by the dunes. Leading westward from Napeague Harbor is a large fresh marsh, half a mile 
wide, lying between the dunes of Napeague Beach on the south and Promised Land on the 
north. The dunes reach their greatest development just east of the harbor, where they have an 
elevation of 100 feet. It is possible, however, that a part of this height is due toManhasset 
materials, which may imderlie them. The dunes of Napeague Beach have derived their 
materials mainly from shore wash from the east; those east of Napeague Harbor seem to have 
been supplied mainly from the same source with relatively little additions from the north side, 
their accumulation taking place mainly under the action of the southwest winds. It is believed 
that a part of the material of the dunes of Promised Land has had a similar source, being 
blown from the south coast by southwest winds, and that a part has come from the shore 
inunediately to the west. The big marsh between the dune areas does not, however, convey 
the impression of having been crossed by a moving mass of dunes, and it is possible that very 
little of the material has come from the south. 

DUVES AT EASTaAMPTOH. 

In the main the dimes of the south shore are confined to a narrow fringe along the beach, 
but at Easthampton the drifting sands have progressed a considerable distance from the sear 
shore, typical dune topography west of the town being recognized as much as 1^ miled inland, 
or as far north as the railroad. The sandy character of the roads indicates that the area of drift- 
ing sand probably has extended considerably north of the railroad and westward to and beyond 
Georgica Pond, although this is not conspicuously shown by the topography. East of the town 
the dunes take the form of broad bare hiUs with wind-swept surfaces and hoppers. West of 
the town the dunes, though not so large, show an even more marked dune topography, the sharp 
ridges and knobs being especially conspicuous. This area is now being covered with- summer 
residences, and the dunes are largely under control. 

DTTKES OF THE OBEAT SOUTH BEACHES. 

The barren beaches which extend along the south coast for nearly 90 miles are lined through- 
out their length by more or less strongly developed dimes, generally 15 or 20 feet in height. 
Along the inside of the outer beach the dunes form a rather uniform and continuous though 
somewhat notched ridge some 20 feet in height and extending for miles along the shore. On 
the inside of this barrier there is also very commonly a second ridge, which, however, is lower 
and less continuous than the outer one. Between the two there is generally an area of lower 
and flatter dunes among which are scattered knobs; many rise to a height of 20 or 30 feet. 
Between the ridges or among the low intermediate dunes many fresh-water marshes are found. 
Some of these merge with the salt marshes which line the inside of the barrier. The finest 
development of dunes seems to be on the Fire Island and Rockaway beaches, although the 
Rockaway dunes, as weU as the once conspicuous dunes on Coney Island, have been much 
modified by human agency. 

DUNES AT 8HXVNE00CK HILLS. 

The Shinnecock HiUs are composed of the Manhasset formation, in which, in this area, 
sand predominates. In the past this sand has often been taken up by the winds to form dunes, 
and to this action a part of the irregular surface topography of the hills is due. A hundred 
years ago much of the surface was composed of drifting sands,* but now the sands are mostly 
under control, although a little drifting still takes place. 

1 Dwight, Timothy, Travels in New England and New York, vol. 3, 1822, pp. 283-336. 
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D17VZ8 OF THB VOKTH OOAST. 

PracticaDy every bluflF section along Long Island Sound shows a layer of dune sand at the 
top, and some small valleys are filled with it, as near Woodhull Landing northeast of MiUer 
Place. UsuaUy this sand is only 2 to 5 feet deep, but some of the dunes are conspicuous hills 
from 50 to 100 feet high. They all rest on an old soil zone marking the horizon of the original 
surface (PI. VIII, B, p. 34). Where the dunes are of relatively recent origin the zone is rep- 
resented not only by the usual oxidized band but by bands of nearly black vegetable mold 
as well. 

On this side of the island the dimes are best developed between Baiting Hollow and North- 
ville, north of Riverhead, where they form a high and nearly continuous ridge more than 8 
miles long. They rest in part on the edge of the Manhasset terrace or on the low moraine 
that traverses this locality. This coincidence of position with the drift ridge has led to the 
classification of th^ entire ridge as moraine, but as a matter of fact the moraine is rarely more 
than 10 or 20 feet thick and in many places is represented by only a few scattered bowlders. 
The great mass of the ridge in this vicinity is composed of sand. Plate VIII, A, shows the 
profile of the ridge usually classed as morainal, here over 50 feet in height, and Plate VIII, B, 
shows that in reality it is a ridge of dune sand resting on the Manhasset terrace. 

Many parts of the dime ridge are very old, so that the humus of the imderl3ring soil zones 
has been entirely leached out. Much of its surface is covered with forests. Elsewhere, how- 
ever, the dune is still in process of formation. W. W. Mather^ in 1843 recorded the local 
deposition of several feet of dime sand in a few hours during a storm in 1836. Jacob Hill, 
northwest of Mattituck, was once much higher than Coopers Hill (Mattituck Hills ?) east of it, 
but the sand has blown off until it is now lower. Some arable land has been covered and a 
cedar tree has been buried. Elias Lewis, jr.,^ in 1876, stated that a farm near Baiting HoUow 
had lost 30 acres by the encroachment of the dunes in 30 years and that 100 acres in all had 
been recently covered. 

Another important dune area is at Horton Beach, near Southold, where the shore back of 
the beach is lined with dunes of moderate size. Though more or less covered with trees the 
sand is stUl blowing. There are several small fresh-water marshes among the dunes and a 
pond is inclosed between the drifting sand and the bluffs. 

DUHBS XV THB UTTBRIOK OF THX ZSLAJn). 

In the western half of Long Island most of the surface deposits consist of fine gravels and 
coarse sand, both of which are in places somewhat loamy. No distinct evidences of dune 
formation have been observed in this region. Farther east, however, the surface deposits are 
finer and there are considerable stretches where nothing but fine white sand is seen in the roads. 
The fineness and looseness of the surface coating and its apparent lack of indications of aqueous 
stratification suggest that it is of dune origin, although there is little distinct topographic 
evidence of wind action. From Coram eastward sands perhaps of dune origin are conunon 
both on the plains and over the moraines. The part of the moraine south of Riverhead and 
southwest, south, and southeast of Sag Harbor is especially characterized by such sands. In 
most places they were formed before the region was forested. 

Very large areas of similar sandy surfaces lie north and northwest of Patchogue and between 
Patchogue and the morainal ridge. 

The moraine and the plains south of it are covered with forest or brush, and few evidences 
of wind action were seen. At the north base of the ridge near Selden, however, and at points 
eastward to Coram, westward to and beyond New Village, and northward halfway to Terry- 
viDe not only does the surface consist of fine sand but there were in 1903 many spots free 
from trees and almost free from vegetation, showing a subdued dune topography. Some low 
sand hillocks and hoppers are being formed at the present time (PI. XXVI, B), It is believed 
that this region was once forested and protected from the winds, as otherwise the dunes would 

I Geology of New York, pt. 1, 1843, p. 31. « Formation of sand dunes: Pop. Sci. Monthly, vol. 8, 1876, pp. 357-363. 
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be much more strongly developed. The opportunity for the present wind action to arise is 
thought to have been given by the destruction of the forests and the vegetable mold of the 
soil by the fires that repeatedly passed over the region. What the ultimate results will be 
can not now be foretold, for the conditions appear to be very nicely balanced. If the fires 
continue and the barren patches become larger so that they are no longer protected by the 
surroimding forests, the wind action may again become important and the dunes grow larger 
and more destructive. If, on the other hand, fires can be kept out, vegetation will soon cover 
the bums and restore the forest to its supposed former unbroken state. 

MARSH DEFOSrrS. 



Marshes of the south shore, — Along the entire south coast of Long Island, except near 
Montauk, the plains slope gently seaward at a rate of 10 to 20 feet to the mile. There are 
almost no streams on these plains, except near the coast, all the rainfall entering the porous 
sand and making its way seaward as groimd water. Near the places where the plains reach 
sea level this water emerges at the surface, converting the edge of the plains into a marsh extend- 
ing with hardly an interruption from Coney Island to Islip, a distance of nearly 50 miles. Far- 
ther east similar marshes, although not entirely continuous, occur at short intervals to Shinne- 
cock Bay. The landward edge of the marsh is usually a luxurious meadow, which grades oflF 
with an intermingling of fresh and brackish water vegetation into a salt marsh, yielding great 
quantities of salt hay. The entire marsh may be a mile or more wide, although a width of a 
quarter of a mile is more common. The relative widths of the fresh and salt portions depend 
on the relative slopes of the land surface and the bottom of the bay, one or the other predomi- 
nating according as one or the other slope is the gentler. The amount of ground water enter- 
ing at a given level also has an important influence on the width of the fresh marsh. 

Marshes in the valleys of the south side. — Where the plains of the south side of the island 
are not cut by valleys the water emerges from the lower edge of each plain, but where valleys 
are present the ground-water level is cut at some distance from the coast, and considerable 
volumes of water emerge along the valleys, forming extensive marshes and even streams of 
some size. Such a marsh is found in nearly every valley of the south shore, extending a mile 
or so back from the coast in the shorter valleys and several miles in the longer ones. The 
width is usually under a quarter of a mile. The principal streams bordered by marshes include 
Cornell Creek, south of Jamaica; Valley Stream; the stream east of Lynbrook; Meadow Brook, 
near Freeport; Jackson Creek, near Wantagh; Massatayun Creek, near Massapequa; Carlls 
River, near Babylon; Connetquot Brook, near Islip; Patchogue Creek and Swan River, near 
Patchogue; Carmans River, near Yaphank; Forge River, near Moriches; and a nimiber of smaller 
streams farther east. The most extensive marshes are along Peconic River, stretching from a 
point west of Manorville to and beyond Riverhead, a distance of more than 10 miles. The 
only stream of notable size on the north side is the Nissequogue, near Smithtown. This is 
bordered by marshes for about 3 miles above its mouth. 

Marshes near artificial ponds, — There are a number of artificial ponds and reservoirs along 
the south side of the island, as at Valley Stream, northeast of Lynbrook, and near Freeport, 
Wantagh, and Massapequa, and a few built for developing power or for other purposes at points 
in the interior of the island, as between Babylon and Wyandanch. There are two such ponds 
at Riverhead. The effect of damming the streams is to back the water up over the gently 
sloping valley floors and create marshes or swamps. This is notably the case at Riverhead, 
where the slack water extends upstream for some miles, forming considerable marshes. 

Marshes in obstructed channels. — Some of the old channels, especially in the eastern half 
of the island, were obstructed by drift left by the ice in an advance after their formation, and 
surface waters have accimaulated behind the obstructions, forming ponds or marshes. Grass 
Pond, northwest of Manorville, is a particularly good example of such an accumulation. Another 
is found in the valley 1 mile west of Middle Island, and still another in the valley north of this 
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point, although these marshes are not so extensive as Grass Pond. Other examples may be 
seen at many points. About 1 i miles northwest of Lake Konkonkoma is a series of marshes in 
a channel seemingly obstructed by wash from a tributary valley. 

Marshes in Jcettles, — Besides the marshes in obstructed channels, or kettle channels, as 
some of them may be called, there are numerous irregular kettles occupied in whole or in part 
by marshes. These are too numerous to mention singly, practically every kettle that con- 
tains a pond also having a marsh around the whole or a part of its margin, and marshes are found 
also in many others in which there is no open water. Among the ponds bordered in part by 
marshes may be mentioned Lake Ronkonkoma; Artists Lake, near Middle Island; Long and 
Grass ponds, between Wading River and Manorville; Swan and other ponds near Manorville; 
the ponds south of Riverhead; and Poxabogue and other ponds near Bridgehampton. Many 
marshes imaccompanied by ponds occur in kettles in the vicinity of Manorville and Bridge- 
hampton; these have never received names. 

Marshes behind beaches. — Beaches have been thrown up across many of the reentrants of 
the north shore by the waves and currents, and behind some of these fresh waters have accumu- 
lated and replaced the salt marshes that originally existed there. The fresh marshes of this 
type appear to have been more extensive formerly than at present, for fresh-water peats con- 
taining stumps and prostrate tree trunks are foimd beneath the present salt marshes at many 
points, a condition apparently due to a relatively recent sinking of the land. (See pp. 212-216.) 
This probably explains why most of the marshes at the present time maintain commimication 
with the salt water through narrow breaks in the barriers. In such places the fresh marShes 
are found only around the edges. 

Interdune marshes, — At many places on the south coast, especially on the great beaches, 
the dimes occur in either scattered hillocks or more or less definite ridges, between which are 
level areas of moderate size. These areas usually lie a foot or two above high-tide mark but 
commonly have no surface-drainage connection with the sea, being, in fact, inclosed basins 
surroimded by dimes. Receiving not only the rain falling upon their surfaces, but also the 
seepage from the surrounding dunes, which absorb practically all the rainfall reaching them, 
these areas are naturally kept in a damp state very favorable to marsh growth. Marshes 
formed under such conditions, in fact, occur almost everywhere in the dune areas near sea level, 
such as those of the south coast. The largest single example is the marsh between Napeague 
Beach and Promised Land, on the South Fluke. Especially good examples can also be seen 
on Fire Island Beach, and minor marshes arc to be found on nearly every spit and beach. They 
are absent from the dune areas of the interior, both at Easthampton and between Patchogue 
and Port Jefferson, where the depressions are well above the ground-water level. 

SALT MAB8HXB. 

Marshes of the south shore. — Inland from the edge of the fresh marshes, at a distance depend- 
ing on the slope of the surface and the amount of seepage emerging, there is a change from 
fresh to salt water vegetation owing to contact with the waters of the ocean. Outward from 
this line to open water the marshes are for the most part salt meadows. Similar though less 
extensive marshes are built out from the inside of the great south beaches throughout their 
length of more than 75 miles. These marshes are almost entirely of the salt-water type, although 
some are bordered with fresh-water vegetation supported by seepage from the dunes. 

An interesting feature of the distribution of the larger marginal marshes on the south 
coast is their limitation to the region west of IsUp. This is due to a difference in the topo- 
graphic character of the shores. West of IsUp the average slope of the plains is much less 
than east of it. From Jamaica Bay to Islip the 20-foot contour line is from 1 to 2 miles back 
of the inner edge of the marsh — that is, the slope is from 10 to 20 feet to the mile and meets 
the water at a very low angle. East of IsUp, however, the 20-foot contour is in many places 
only a few rods or a quarter of a mile from the shore, although locally retreating for a mile or 
more, and the surface meets the water at a higher angle or even as a low bluff — a condition 
that is unfavorable for marsh growth. The difference in topography is due to differences in 
the geologic history of the deposits, those west of Islip belonging to the gently sloping outwash 
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from the Wisconsin glacier, whereas considerable portions of those east of Islip belong to the 
older, higher, and partly eroded Manhasset formation. 

Marshes of the south-sJiore bays. — ^Besides the marginal marshes just described, large areas 
of marsh have been built up from the bottoms of the shallow bays of the south shore. None 
of these bays are more than 6 miles wide and most of them are much less. They are all very 
shallow, 1 1 feet being the greatest depth in Shinnecock Bay, 10 feet in Moriches Bay, and 25 feet 
in Great South Bay. The depth of 25 feet is found only in the tidal channel at the inlet, the 
ordinary depth being not more than 11 or 12 feet. Statements were made by Elias Lewis* 
in 1877 and by Warren Upham * in 1879 that channels connecting with the land valleys could 
be traced across the south side bays, but an examination of the charts seems to show that the 
few channels present are in no way connected with land valleys but are the direct result of 
tidal scour near the present or former inlets. 

The marshes begin to form wherever the water is shallow enough for eel grass to obtain 
a foothold, usually a foot or two below low-water mark, and where no strong currents are 
flowing. The dead grass and the fine silt entangled with it gradually accumulate until the 
ground rises well above above low-water mark and marsh grass takes root upon it. The upbuild- 
ing continues imtil the marsh reaches a level covered only by occasional high tides. Part of 
the present salt marshes may have resulted from the advance of the sea over former fresh 
marshes or swamps, with the substitution of a salt-water for a fresh-water fauna. At the 
east end of Great South Bay, north of Long Beach, and in Jamaica Bay, where the water was 
originally very shallow, the marshes have taken possession of the greater part of the space 
inside the beaches, having a width in places of nearly 5 miles. They are not absolutely con- 
tinuous, however, but are cut by many narrow and winding channels and here and there by 
more open spaces, such as Middle and East bays, near Jones Inlet. 

W. W. Mather,* who gave considerable attention to these features, says: 

I have been credibly infonned that the grass now grows on a marsh near Rockaway, where vessels have floated 
within the memory of my informant. On Coney Island also Mr. John Wyckoff informed me that many places which 
were ponds and pools within his recollection now produce good crops of grass. A very aged man also recollects having 
seen the surf roll in at the foot of the upland north of the marsh toward the east end of Coney Island. A broad marsh 
now intervenes between the upland and the beach. 

In fact, the whole line of geologic evidence shows that with a few local exceptions the 
marshes are being rapidly extended along the south shore. 

The marshes on the whole are rather stable when once formed and are seldom subjected 
to much erosion, except where the waves break through the beaches and obtain access to them. 

Marshes of the rvorth-shore reentrants. — The formation of salt marshes in reentrants on the 
north shore differs in no essential particular from the formation of marshes in the more exten- 
sive waters of the south shore already described except that more of them have probably 
resulted from the comparatively recent incursion of the sea over fresh-water accumulations. 
They may be seen at many points. On the side toward the Sound they are usuaDy bordered 
by a barrier beach, but on the side toward the bay the beach is usually absent. Their transition 
to fresh marsh has already been described. 

SITMKABY OF QEOLOGIC FEATT7BES, BY LOCAUTIES. 

Owing to the fact that many of the deposits are in the present report considered in detail 
for the first time, it has seemed dasirable to bring together at one place the available facts 
pertaining to each formation, making the discussions stratigraphic rather than geographic. 
This has been done under "Stratigraphic geology." Unfortunately by this method the dis- 
cussion of adjacent locaUties may be found on widely separated pages. Supplementary 
geographic discussions are desirable but would involve too much repetition. An attempt 
has been made, however, to meet the needs of geologists and others interested in particular 
regions by preparing the following tables, which smnmarize the chief points of geologic and 
physiographic interest. 

» Am. Jour. Scl., 3d ser., vol. 13, 1877, pp. 215-216. «Idcm, vol. 18, 1879, pp. 81-92. • Geology of New York, pt. 1, 1843, p. 17. 
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To facilitate reference, the topographic and geologic maps are divided into rectangles 
by lines of latitude and longitude, these rectangles being designated from bottom to top by 
letters, and the columns of rectangles from left to right by numbers. The letters and numbers 
make it easy to determine quickly the points of interest in a particular locality or on a particular 
trip, and the page references make it practicable to look up details with the least possible loss 
of time. 

It should be borne in mind, however, that inasmuch as 10 years have elapsed since the 
observations were made, few of the sections will be found exactly as described, especially 
those along the north shore. Here, although the outcropping edges of the formations seen 
in the bluflFs often appear nearly horizontal, in reality many of the beds dip at high angles to the 
south, as may be seen by comparing 6, figure 97 (p. 110), and c, figure 95 (p. 110), the former 
being a section at right angles to the face of a bluflf and the latter section parallel to the bluff 
face. Under such conditions a bed that appears horizontal where the face of the bluflf is parallel 
with the strike may appear notably inclined where the bluflf makes an angle vrith the strike, or 
broadly arched where the coast line is curving. In many places it was impossible to deter- 
mine the internal structure, and the greater part of the figures in the present report represent 
only the apparent structure as shown in the bluflfs. Where the dips are high, the cutting back 
of a bluflf as little as 5 feet will change the whole appearance of a section, and it is not to be 
expected that any particular feature will be recognizable after the lapse of a few years. 

Principal points of geologic interest on Long Island. 



Coordi- 
nates 

on 
Plates I 
and II 



lA.. 
IB. 
2A. 
2B. 
2B. 
2B. 
2D. 
3A. 
3A. 
3B. 
3B. 
3B. 
3C.. 
3C.. 
30.. 
3D. 

3D. 
3D. 
3D. 
3D. 
3D. 
4B. 
4B. 
4C.. 
4C.. 
4C.. 
4D. 

4D. 
4D. 
4D. 
6B. 
5B. 



5C. 



6C. 
6D. 
6D. 

5D. 
5D. 

5D 
5D 



6D, 
.5E. 
5E. 
5E. 

6E. 
5E. 
6E. 



Part 
of sec- 
tion, a 



NE. 
E... 

N... 
C, 8. 
N... 
N... 
8E.. 
N... 
NW. 
8E.. 
W.. 
NE. 

C... 

N... 
8W. 

8W. 
E... 
E... 

8.... 
8.... 
8E.. 

N... 
8.... 
C... 

N... 
8.... 



W. 
E.. 

8E. 
8... 
C. 



NW 

S... 
B..., 



Locality. 



West of Coney Island 

Near Fort Hamilton 

Near Coney Island 

Southeast of Brooklyn 

Near Prospect Park 

do 

On shore of East River 

Rockawav Beach 

Barren Island 

Jamaica Bay 

Bergen Beach 

Neiff Remsen Landing 

Near East New York 

Near Brooklyn Reservoir . . 



i mHe northwest of Stein- 
way. 

Near Lawrence Point 

\ mile east of College Point. 
Near Tallman Island 



Flushing Bay . . 
Far Roc ka way. 



Near Jamaica South. 
North of Jamaica.... 



Near Whltestone Point. 

Elm Point 

Little Neck Bay 



8. 
S. 



C. 

w. 



NE. 
SW, 
SW 
8W, 



8. 
S. 
S. 



Northwest of Creedmoor 

Lake Success 

\ mile northeast of Lake Suc- 
cess. 

Southeast of Manhasset 

North Hempstead 



Ik mile east of Thomaston 

North of railroad, Great 
Neck. 

Manhasset Neck 

Base of Plum Point 

i mile east of Plum Point 

Barker Point 



Tom Point 

* mile north of Tom Point. 
North of Port Washington, 



Features. 



Sand spit and dunes 

Harbor Hill moraine, b^^inning of ''inland scarp" 

Beach dunes and marshes 

Outwash from ice along Harbor Hill moraine 

Harbor Hill moraine "inland scarp" 

Confluent fans of outwash from ice along Harbor Hill moraine. 

Fordhom gneiss outcrops 

Barrier beach, dunes, spits 

Outlier of Manhasset formation (?) 

Extensive salt marshes in process of formation 

Outwash outliers 

. ..do 



Outwash from ice along Harbor Hill moraine . . . 
Harbor Hill moraine (till tjrpe), "inland scarp". 
Wisconsin tUl: traces of Manhasset formation. . . 
Drumloidal hill 



.do. 



.1 



Light-gray micaceous Jacob sand 

Dnunloidal hiU 

Wisconsin till and retreatal outwash 

Pre-Wisoonsin valley enlarged by Wisconsin ice 

Rockaway ridge ( Herod gravel member of Manhasset formation) 

Emergence of ground waters, ftesh and salt marshes 

Depression between outwash plains. 

Till of Harbor Hill moraine; " inland scarp" 

Thin till over modified surface of Manhasset formation 

Thick till, including some Montauk till member of Manhasset formation, with occa- 
sional exposures of gravel of Manhasset formation. 

20-ft)ot bowlder reported 

Thick bed of dark Oetaceous clay 

Pre-Wisconsin valley, modified by Wisconsin ice 

Double line of beaclMs (Far Rockaway and Hicks). 

Rockaway ridge ( Herod gravel member of Manhasset formation). Faulted pebbles 

in pits. 
Outwash plains from ice along Harbor Hill and Ronkonkoma moraines; outwash 

channels. 

Harbor Hill moraine; "inland scarp" 

Largest kettle in tUl or mixed moraine 

Outwash channel through moraine, crossing of Harbor Hill and Ronkonkoma 

moraines: eastern limit of unmodified "inland scarp. " 

Bowldo- 64 by 40 by 16 feet reported 

Bowlder 40 feet long, 20 to 40 feet wide, and 10 to 17 feet high reported; possibly 

same as above. 

Cretaceous sand in railroad cut 

Beginning of characteristic Manhasset plateau (100-foot level); exposures of Herod 

gravel, Montauk till, and Hempstead gravel members of Manhasset formation, in 

blufis (rather poor). 

Manhasset plateau (180-foot level) projecting knobs of possible Mannetto gra\'el 

Jacob sand In floor of abandoned pit 

Knob of contorted Jacob sand in old gravel pits 

Montauk till member of Manhasset formation between Herod gravel member and 

Hempstead gravel member. 

Gravel of Manhasset formation, folded by Wisconsin ice 

I^arge sand delta of Wisconsin age, fine fore and top sets 

Many pits of Herod gravel member of Manhasset formation 



Page of 
descriptfon. 



177-180 

53,168 

184 

173 

53,158 

36-57 

66 

178-180 

115 

185 

160-170 

160-170 

172-173 

34-35,53 

115,158-160 

161 

161 

108 

161 

Hap. 

44-45 

118,127 

183,184 

34-35,53 
158-160 
158-160 

171-172 

69 

44-45 

127 

166-176 

53,158 

40 

164, 175 

171-172 
171-172 



31, 



60 
125,135,152 



30 
108 
106 
135 



210 
177 
125 



a Center is abbreviated C. 
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Principal points of geologic interest on Long Island — Continued. 



Coordi- 
nates 
on 
Plateel 
and II. 



5£.. 

5E.. 

5E.. 
5E.. 

6B.. 
6B.. 
6B.. 
6B.. 
6C... 

6D.. 
6D.. 

fiD.. 
CD.. 
6D.. 
6D.. 
6D.. 
6D.. 
6D.. 

6D.. 

6D.. 
6D.. 
6D.. 
6D.. 
6D.. 
6E.. 
6E.. 
6£.. 
6E.. 
6E.. 

6E.. 
6E.. 
6E.. 
«E.. 
7B... 
7B... 
7B... 
7C... 
7D.. 
7D.. 
7D.. 
7D.. 
7D.. 
7E... 
7E... 
7E... 
7E... 
7E... 
7E... 
7E... 

7E... 
7E... 

8B... 
8B... 
8C... 

«c... 

8C.-. 
8C... 
8D.. 

8D.. 
8D.. 
8D.. 
8D.. 
8D.. 
8D.. 
8D.. 
8D.. 

8D.. 
8D.. 

8E... 
8E.. 

8E... 
8E... 
8E... 
8E... 
8E... 

8 £... 
8E... 
8F... 
8E... 



Part 
of sec- 
tion. 



SE. 
SE. 



8 


Near Loxik Beach 


8W... 


BarnMtn ftlftTi . , . 


C 




N 


. 


AU.... 




8W... 


Near East Willialon 


S 




8.C... 





1» 

w... 
w.... 
w.... 

c 

NW.. 

NW.. 



NW... 

E 

NE... 
NW... 
NW... 

sw... 

8W... 

8 

C,8E. 
W.... 

W.... 
W-... 

N 

N 

8 

C 

N 

AU.... 

8 

C 

W^. . . . 

N.NE 

NW. 

8W., 

SE.. 

C... 

C... 

NW. 

NE.. 

NE.. 

NE.. 
E... 



Locality. 



Northeast of Port Washing- 
ton. 
Prospect Point 



I mile south of Mott Point. 
1 mile south of Mott Point. 



East of Roslyn. 

Southwest 01 Roslyn 

Harbor HiU 

West of Harbor HiU 

East of Harbor HUl 

West side of Hempstead 

Harbor. 
Near Olenwood Landing 



.do 



Northeast of Old Westbury. 



Bar Beach 

Hempstead Harbor 

WostofSeaClifl 

South side of Mosquito Cove . 
Eastofraibroad 



Near Glen Cove Landing.. . 



Near Red Spring Point. 

Near Weeks Point 

Southeast of Lattington. 
Coast 



South of Wheatley 

Near Syosset 

Southeast of BrookviUe. 



Near Oyster Bay 

I mfle west of Moses Point. 

km Neck 

West of Rocky Point 

do 



8.... 
N... 
C... 

N... 
N... 
NE. 
NE. 
SW. 



s.... 

SE.. 
C... 
C... 
E... 
E... 
E... 
NW. 



N. 
N. 



SW 

8... 



i mfle .south of Rocky Point. 
Ckrapers Bluff 



Near Jones Beach 

Coast 

Massapequa River 

Near Farmingdale 

A mile west ofFarmingdale . . 

1} miles east of Farmingdale. 

Southeast of Farmingdale . . . 

1) mfles southwest of Plain- 
view. 

Bethpa^ 

East of BethjMige 

Northeast of Tlainview 

North of Plainvlew 

Mannetto Hills 

1 mile west of MelvUle 

Southwest of MelvlUe 

} mfle southwest of Wood- 
bury. 

HighHfll 

Near High Hfll 



Northeast of Syosset 

Near Cold Sprmg Station. 



SE 2 miles east of Cold Spring.. 

8 1} mfles east of Cold Spring 

W } mfle south of Coopers Bluff. 

W Coopers Bluff 

W I West shore of Cold Spring 

Harbor. 

NW'.'.l South of'ijoyd* Beach*. ! .' '.'.'.. 
N W . . . South base of Lloyd Beach . . 
NW . . . North base of Lloyd Beach . . 



Features. 



Scarp between high and low level Manhasset plateaus (from Port Washington Har- 
bor to Mott Point). 

Montauk tfll member of Manhasset formation in bluff: undermined and submerged 
peat. 

Bright-colored Cretaceous clays; Mannetto gravel 

Upturned Cretaceous and Mannetto gravel, 80 feet above sea level (on road cross- 
ing neck to Port Washington). 

Double beach and dunes 

Outliers of Manhasset formation (?) 

Emergence of ground water: fresh and salt marshes 

Lobate margin of outwash plains 

Outwash plains, outwash channels, loam patches resembling " Jamesburi; loam" 
of New Jersey. 

Clay pit in Montauk till member of Manhasset formation (7) 

Mixed outwash from ice along Ronkonkoma and Harbor HiU moraines; outwash 
channels; morainic outliers; Ronkonkoma moraine (interrupted type). 

Kettle plain between moraines; remnants of Manhasset formation (7) 

Terraced outwash channel from gap in moraine 

Harbor Hill moraine; traces of modmod " inland scarp" (2||^ mfles southwest) 

Highest point on Harbor HUl moraine; possible traces of Mannetto gravel 

Gravels of Manhasset formation beneath moraine 

Outwash channel through moraine 

Montauk tfll member of Manhasset formation, between Herod and Hempstead 
grav^ members, finely exposed in many gravel pits. 

Traces of Cretaceous clays and sands near landing and southward; Jacob^and knob 
in floOT of gravel pit near landing. 

Local development of lower Manhasset plateau (100 foot) 

Hills of Mannetto gravel (with Wisconsin mantle) 

High-level Manhasset plateau with semimorainal mantle of Wisconsin drift 

Fine sand pit. * 

Pre-Wisconsin vaUey enlarged by Wisconsin ice 

Cretaceous white sands and Mannetto gravel in bluff 

Cretaceous sand and Mannetto gravel m imconformable contact in gravel pit 

Deep, sharp Vineyard erosion vaUey in Manhasset formation 

Hign-level Manhasset plateau (180-200 feet) 

Montauk tiU member of Manhasset formation; yellow, pink, and black Cretaceous 
clays, both north and south of landing. 

Gray Gardiners clay with smaU quarts pebbles 

Gardiners clay, Montauk tiU member of Manhasset formation, etc 

White and pinkish Oetaceous clay in pit 

Connecting Deaches; low-level Manhasset plateau 

Beaches, spits, dunes 

Salt marshes 

Lobate outwash margin; emergence of ground water; fresh and salt jnarahes 

Outwash plains and channels; loam 

Confluent outwash fans 

Ronkonkoma moraine, partly on Mumetto gravel 

Old erosion forms in Mannetto gravel, mantled by Wisconsin drift 

Kettle plain between moraines 

Harbor HiU moraine 

Dissected Manhasset plateau (Vineyard erosion) 

Harbor HiU moraine 

Numerous flowing wells. 

Gardiners clay, etc., reported 

Remnant of high level Manhasset plateau. Cretaceous outcrop in railroad cut 

Connecting beach 

Cretaceous clays in beach. Gardiners clay and Montauk tfll member of Manhasset 
formation in bluffs. 

Cretaceous thrown out in dredging iiarbor 

Jacob sand in beachn>robably members of Manhasset formation ( Herod gravel, 
Montauk tfll, and Hempstead gravel) tn bluff (poor exposure). 

Double beach, dunes, salt marshes « 

Lobate outwash margin, marshes, etc 

Depression between Hempstead and Babylon outwash plains: outwash channel . . . 

Cretaceous clays in large pits 

Terrace of gravel of Manhasset formatfon; outlying hills of Mannetto gravel 

Westerly member of "MelviUe double channel'' 

Extramoratnal kettles of doubtful origin 

Depression between outwash ftom ice along Ronkonkoma moraine and compound 
outwash on the west. 

Cretaceous clays overlain by pseudotiU (?) in clay pits 

Bethpage terrace of gravel of Manhasset formation 

Temu^ outwash channel th>m Ronkonkoma moraine 

HUls of Mannetto gravel; pre-Wisconsin erosion topography 

Mannetto plateau: sharp erosion gullies on margins 

Roadside section of Cretiaceous clays, marl, etc 

Western of MelviUe "double channels" 

Double moraine separated by flat outwash 



Highest point of Ronkonkoma moraine 

Possible example of simple morainal cone; indications of Cretaceous or Mannetto 

core ( ? ) . Fine development of rough gravelly moraine. 

Kettle plain 

Deep Vineyard erosion vaUey in Manhasset formation: much Wisconsin drift on 

siaes: some post- Wisconsin cutting. 

Kettle plain, branching kettles 

Harbor Hfll moraine (interrupted) 

White sandv Cretaceous clay 

See7E(E). 

Cretaceous sands and clays (opposite viUage of Cold Spring Harbor) 



Pre-Wisconsin valley shaped by Wisconsin toe 

Oetaceous clays, Montauk tfll member of Manhasset formation, etc., in old pits.... 

Mannetto gravel in hflls 

Cretaceous, Mannetto graval and Gardiners clay in bluffs (poor exposures) 



Page of 
description. 
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81 
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06 
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60 
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30 
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40 

72 
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40 
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33 
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70 
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Principal points of geologic interest on Long Island — Continued. 




ftE. 
ftE. 
8E. 

8F. 

• F. 
ftF. 

ST. 



8F. 
8F. 

gF. 

«F. 
f B. 

9C. 



fC. 



9D. 
9V. 
9D. 
9V. 
f D. 

9D. 
»D. 

9D. 
9£. 
9E. 
»E. 
9E. 
9£. 



9E 
OK. 
9E. 
9E. 

9E. 

9E. 

9E. 

9r. 

9F. 



9F. 
9F. 
9F. 



9F.. 
9F.. 
10 B. 
IOC. 
10 r. 
IOC. 
101) 
101) 
101) 
lOE. 
10 E. 
10 E. 
lOE. 
10 E. 
10 E, 
10 E. 
10 D 



11 B. 
11 B. 

lie. 
lie. 
lie. 



11 
11 
11 

11 
11 

11 
11 
11 



I) 
I> 
I). 

I). 
l). 

I). 
1>. 



X.. 

XE 
XE. 

SW 
SW 
SW. 

SW, 

SE.. 

SE.. 

SE.. 
S..-. 



E.... 
XE.. 



•I 



SW 

8... 
SE. 
SE. 
C. 



W.. 
W.. 

NE. 
SW. 

E... 
E... 



C 

xw... 

xw.. 

xw... 



X, 
X, 
X 



SW. 
SW 



w.. 
w.. 
w.. 

8.... 
SE.. 
C... 
8.... 
W... 

^'!: 

x,c. 

X... 
SW. 
SW. 

8.... 
8E.. 
W... 
C... 

X . . . 

a 
'~ . . . . 



Locality. 



WcstXeck 

Uimtington Harbor 

West side of Utmtington 

Harbor. 

Lloyd Point 

1 mile south of Lloyd Point, 
i mile southeast of Lloyd 

Point. 
1 mile southeast of Lloyd 

Point. 
1) miles northwest of East 

Fort Point. 
Xorthwest of East Fort 

Point. 

East Beach 

Lloyd Xerk 



li miles southwest of Bel- 
mont Pond. 
Carlls River 



Xortheast of Colonial Springs 

Xear Wyandanch 

1^ miles north of Wyandanch 
Half IIoUow HUls 



mile 



} mile cast of Melville 
1 mile northeast and 1 

east of Melville. 

DIx Hills 

Southeast of Fairground 

Xorthwest of Dix Hills. ...'.. 

Xorth of Dix Hills 

1 ^ miles south of Qreenlawn. 
1 mile northeast of Oreen- 

lawn. 

Xortheast of Fairground 

Oreat Xeck 

4 mile south of Halesite 

1 mile northeast of Halesite.. 

Centerport and Xorthport 

harbors. 
Southwest of Little Xeck 

Point. 
Southeast of Little Xeck 

Point. 

West Beach 

Shores of Price Bend 



Eaton Point 

i mile east of Eaton Point. . 
t mile southeast of Eaton 
Xeck Lighthouse. 

East Beach 

4> mile east of East Beacii 

Oak Island Beach 

Coast 

Xear Babylon. 



C... 
X.. 
N.. 
8..., 

X... 



8W. 

HK. 

8K. 



Edgewood 

Base of moraine 

Xear Dix HUls 

Xorth base of Dix Hills. 



South of Comjnack. 
East of Commack . . 
South of Lark field. 
North of railroad. . . 



1 mile north of Fort Salonga. 



Fire Island Beach. 

Coast 

Xorth of ruilroad.. 



11 J) 



c. 

X.. 
X.. 
N.. 
N.. 



South of Smithlown 

Boulh<»ust of Smithtown 
Bnirich. 

N«ir Smithtown 

f mllf) northeast of Smith- 
town. 

Xort ii of rallrofwl 

Xl»Hwiiio<fiJH River 

Hu>ny Urook Harlx>r 

CoftHt 



Features. 



Pace of 
dt&atptia 



Kettle plain of retreatal out wash on Manhasset formation. 

Pre-Wisconsin valley, reshaped by Wisconsin ice 

Trace of (}ardiners clay 1 mue north of head of harbor 



Fine spi t 

Traces of Mannetto gravel in blufls 

Evidences of subsidnioe (submerged bushes). 



Cretaceous and Montauk till member of Manhaasef formation in bluffs; big bowl- 
der. 
Folded gravels of Manhasset formation ( Hemi>stead gravel member) 



Wisconsin till and Montauk till member of Manhasset formation in contact. 



Fine spit 

Kettle plain of retreatal outwash on Manhasset formation 

Sees B. 

Outwash from ice along Harbor Hill moraine; outwash channels. 

Kettles of doubtful origin 



Eastern of Melville ''double channels"; depression between outwash Ihun ice along 
Ronkonkoma and Harbor Hill moraines. 

Broad Hill moraine, outwash channel in harbor. 

Cretaceous and Mannetto gravel in abandoned pits 

Outwash from ice along Ronkonkoma moraine 

Extramorainal bowlders near road ascending hills. 

Slopes of Mannetto gravel; level top with small bowlders and shallow basins (Mon- 
tauk till member of Manhasset formation). 

Eastern of Melville "double channels" 

Distinct terraces of outwash from ice along Ronkonkoma moraine, standing above 
the valley outwash from ice along Harbor Hill moraine. 

Ronkonkoma moraine on Mannetto gravel 

Kettle plain; branching kettles; kettle valley 

I^te outwash from ice along Harbor Hill moraine 

Hills of Mannetto gravel mantled with Wisconsin drift 

Cretaceous clays in wells, etc., on west edge of hills 

Head of Xorthport- Babylon outwash channel 



Harbor Hill moraine 

Obstructed vaUeys (pre- Wisconsin); retreatal outwash on Manhasset formation. 

20-foot bowlder in Wisconsin fUiing of Manhasset valley 

White, gray, and chocolate-colored Cretaceous clays and talus of Id^netto gravel 

shown in blufls at mouth of Centerport Harbor. 
Pre-Wisconsin valleys modified by ice 



Oetaceous dark clay and white sand in blufls. 



Thick Cretaceous white sands and some dark clays in pits and bluff; Hempstead 
gravel member of Manhasset formation unconformably on Cretaceous. 

Fine spit 

Cretaceous clay, Marmetto gravel, Gardiners clay, and Montauk till member of 
Manhas.sct formation, shown in amphitheaters along shore of Price Bend and 
to north: Mannetto bowlders 2 feet or«more in diameter. 

Spit and dunes 

Montauk till member of Manhasset formation in bluff near lighthoase 

Cretaceous, Mannetto gravel, and Montauk till member in bluff 



Fine connecting beach and low dunes 

Montauk till member in bluff 

Barrier beaches, dunes, and salt marshes. 
Lobate border of outwash 



Melville and Xorthport- Babylon channels (Harbor Hill) , 

Outwash from ice along Ronkonkoma moraine (unusually flat) 

Xorthport- Babylon outwash channel (Harbor Hill) 

Confluent outwash fans , 

Ronkonkoma moraine, in part on Jif annet to gravel , 

Mannetto gravel beneath Wisconsin drift , 

(Outwash from ice along Harbor Hill moraine over Manhasset formation 

Bar in outwash channel 

Edge of Smithtown ** driftless " area 

Thick outwash from ice along Harbor Hill moraine 

Harbor Hill moraine 

Manhasset plateau, much dissected by Vineyard erosion 

Extensive expasures of chocolate-colored and dark-gray Cretaceous days, traces 
of Mannetto grovel and Montauk till member of Manhasiet formatloii; immense 
landslides affecting cliffs for | mile inland; landsli(to scajps. (This is the so- 
called •* Broken (I round.") 

Barrier beach, dun<»«, good examples of fresh marshes among dimes 

Lobate outwash ;nargin 

Manhasset formation projecting above outwash 

Compound topography (Manhasset formation and outwash) 

Ronkonkoma moraine (confluent cone t>'i)e); small outwa^ fuis; south border of 
Smithtown "driftless" area. 

Smithtown "driftless" area: pro-Wisconsin topography 

Head of Connetquot outwash channel 

ICrosion bluffs facing Connetquot channel; pre-WLsconsin valleys; post-Wisoonsin 
notching. 

Manhasset formation (Hempstead gravel member) exposed in railroad cuts 

Esker (just north of road) extending from bottom of \'ailey up hlUside for \ mile, 
establishing pre-Wisconsin age of erosion. 

Harl>or Hill moraine 

Pre- Wisconsin valley, little modifled by ice 

Pre-Wlscoasln \Tilley, much enlarged by ice 

Montauk till member of Manh&sset formatfen resting on disturbed beds tjekmging 
to Manhasset formation (between Xissequogue River and Stony Brook Harbor). 



tloo. 
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168-170 
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71 

44-45 
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179,182 
137 
137 

179,182 

137 

178,181,185 

37 

49,75 

166 

49 

36 

82 

82 

172,173 

50 

162 

174 

168-170 

30 
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178,181,183 

37 
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118 

32,36.162 
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175-176 
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Principal points of geologic irUerest on Long /a^TM/— Continued. 



Coordi- 
nates 
on 
Plates I 
and II. 



12 B 
12 C. 



12 D. 
12 D. 

12 D. 
12 D. 
12 D. 
12 D. 
12£. 

12 E. 
12 £. 



12 E. 

•12 E. 
12 E. 

12 E. 
12 F.. 
12 F.. 

12 F.. 

12 F.. 

13 C. 
13C.. 
13 D. 



13 D 
13 E 

13 E 

13 E. 
13 F. 
13 F. 
13 F. 
13 F. 

13 F. 

13 F. 



13 F.... 
14C.... 
14C.... 

14 D... 
14D... 
14E... 
14 E . . . 
14 E . . . 
14E... 


14E... 


14 E . . . 


14E... 
14 E... 


14E... 


14 F.... 
14 F.... 


14 F.... 


14 F.... 


14 F.... 


14 F.... 


14 F.... 


14 F.... 


14 F.... 


14 F.... 


15C.... 
15 D... 
ISD... 


15E... 
15E... 


15E... 



Part 
of sec- 
tion. 



N. 
N. 



W.. 
C, E 



N. 
N. 
N. 
N. 
S. 



S. 

s. 



SE.. 

Si!., 
c... 



N... 

s.c. 
^.. 

N... 
N... 
S.... 
N... 
All.. 



N. 
S., 



N.... 

Dl!!i ... 

8W.. 
w . . . , 

w... 
w... 

c 

c 

N 



8 

8E... 
8,C.. 
C 



C. 

E. 

E. 

N, 

N. 



8.... 

8E... 



SE.. 
C... 



w.. 
w... 
c... 
c... 
c... 

E... 



N. 
W. 
E. 



8..t. 
NW. 



LocaUty. 



Fire Island Beach. 
Coast 



Along Connetquot River. . 



I 



I.Ake Ronlconkoma 

Near Lake Ronkonkoma. . . . 
West of Lake Ronkonkoma. 

1 mile northwest of Lake 
Ronkonkoma. 

North of Lake Ronkonkoma. 

1} miles north and \ mile 
west of Lake Ronkon- 
koma. 

2 mile northwest of Lake 
Grove. 

Near Lake Grove 



South of Crane Neck Point. 



Oldfleld Point.... 
Setauket Beach... 
Fire Island Beach. 
Coast 



1 mile west of Hoitsville. 
South of Selden 



North of Selden. 



Near Terry viUe 

South of railroad 

Southwest of Echo 

East of Echo 

South of Port Jefferson. 

North of Port Jefferson. 

West Beach 



East Beach 

Fire Island Beach. 
Coast 



Near Yaphank 

Near Coram Hill... 
Near Middle Island. 



2 miles southwest of Middle 

Island. 
I mile east of Middle Island . . 

1 mile east of Middle Island . . 

2 miles north of Middle Is- 
land. 



1 mile soat> west of Rocky 

Point. 
1 mile southeast of Rocky 

Potot. 
North of railroad 



I mile east of Woodhull 
Landing. 

I mfle east of Woodhull 
Landing. 

^ mile west of Rocky Point 
Landing. 

I mile west of Rocky Point 
Landing. 

I mile west of Hallock Land- 
in*. 

1 mUe east of Hallock Land- 
ing. 

Fire Island Beach 



Features. 



Page of 
oescrlption. 



Barrier beach and dunes 

This region is at end of extensive salt marshes (characteristic of outwiiish nuirgins), 

and beginning of erosional coast line (distinction of Manhasset surfaces). Being 

transitional the forms are here indistinct. 

Broad Connetquot outwash channel (Harbor Hill) 

Thin outwash from ice along Ronkonkoma moraine; Manhasset formatton controls 

the topography. 

Ronkonkoma moraine (low and interrupted) 

largest kettle lake of island 

Depressed moraine 

Terraced outflow channel leading from lake to Connetquot channel (now dry) 

Shallow pond and marsh behind recent delta in old channel in Manhasset formatton . 



Kettle valley 

Ridge in channel. 



Terraced kettle. 



Northwest of Ridge. 



West end of great intermorainal fosse depression (shown by 100-foot contour) 

Tbin outwash from ice along Harbor Hill moraine on Manhasset formation (Maq- 
hasset controls topography). 

Harbor Hill moraine; dissected Manhasset plateau 

Dissected Manhasset plateau (Vineyard erosion) 

Heavy Montauk till mem>)er of Manhasset formaticm, grading upward into Hemp- 
stead gravel member; big bowlder. 

Montauk till member shows in bluffs (exposures poor) 

Fine spit on both sides of entrance to Port Jefferson Harbor , 

Barrier beach and dunes 

Erosion outline of coast; mainly Manluuset border 

Thin outwash from ice along Ronkonkoma moraine on Manhasset formation; Man- 
hasset frequently controls topography; channels partly Manhasset, partly Wis- 
consin. 

Double channel (J mile south of railroad) 

Ronkonkoma moraine, probably exceptionally sandy, covered with old dune sands 
at many points. 

Great intermorainal fosse depression; surface largely covered with old dune sand, 
some local drifting at present time; Manhasset formation controls topography. 

Outwash topography gives way to Manhasset formation 

Outwash from ice along Harbor Hill moraine 

Harbor Hill moraine (ridge t3rpe) 

Harbor Hill moraine aepressed type; many immense kettles north of railroad 

Large gravel pit in Manhasset formation with moraine above; large bowlder (both 
on road to station). 

Indkiatlons of Montauk till member of Manhasset in lower part of bluffs on east side 
of harbor: dissected Manhasset plateau (Vineyard erosion). 

Cliffs of Manhasset formation overlain by one of the Wisconsin moraines; traces of 
Montauk till member of Manhasset formation. 

Old spit flanked with marsh 

Barrier beach; dunes 

Erosional coast line, mainly Manhasset formation 

See 13 D. 

Carmans Valley outwash ftom ice along Ronkonkoma moraine 

See 13 D. 

Carmaas Valley outwash with narrow channel of post-Ronkonkoma age 

Ronkonkoma moraine; morainal gap at Carmans River 

Surface mantle of bowlders and some tiU-ltke patches (mainly Wisconsin till, possi- 
bly some Montauk till member of Manhasset formation). 

Kettle valley, kettle chain ( branching and completely closed) 



Vine3rard erosion valley In Manhasset formation (modified by ice and by recent 
erosion by Carmans River). 

Kettle valley branching, partly open, occupied by Artists Lake 

Branching kettle valleys 



Thin outwash from ice along Harbor Hill moraine on Manhasset formation; Man- 
hasset valleys and other pre- Wisconsin topographic features, 
.do. 



'Numerous deep branching kettles and kettle valleys 

Till-covered monadnock rising above outwash (morainal?). 

Harbor Hill moraine resting on Manhasset fcxmation; Manhasset topography 
distinct on north side, many valleys being only partly obliterated by the 
moraine. Manhasset terrace well developed east of Hallock Landing. 

Poor exposure of mottled buff to gray Garoiners clay 



Thick, gently folded beds of Herod gravel member of Manhasset formation 

Small exposure of tough brown Gardiners clay 

Salmon-colored micaceous day belonging to the Gardiners day or the Jacob sand. . 

Upturned days alonf fiault plane (Gardiners day or Jacob sand). Folded beds of 

Herod gravd member of Manhasset formation. 
Bowlder 25 by 10 feet, embedded in beach 



Barrier beach, dunes, margin of Manhasset formation bordered by marsh (unusual) . 

Carmans Valley outwash with narrow channel of post-Ronkonkoma age 

Manhasset formation with thin outwash from ice along Ronkonkoma moraine 

.(local). 

Ronkonkoma moraine; morainal gaps and depressed moraine 

Manhasset surface with thin till or mantle of bowlders; deep Vineyard erosion 

valleys. 
Kettle valley systems 



178,181 



176-176 
188 

165 
40 

165 

47 

183-184 

42-43 
50 



4(M1 

48 
•172 

30,168 

30 

137-138 

138 

179 

177-178,181 

212 

48-^1,172 



50 
166 

48 

168 

172 

170 

40,170 

170, 172 

30,138 

137 

184 

177-178, 181 

212 

168 

168 
165 
162 

42,43 

46 

42,43 
42 

172 

172 
42 



116, 170 

07 

126 

97 

97 

96,126 

172 

177,181 
168 
172 
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Principal points of geologic interest on Long Island — Continued. 



Coordi- 
nates 

on 
Plateel 
andll. 



15 F.. 
WF.. 

15 F.. 

15 F., 

16 F.. 
16 F., 

16 F.. 

16 F.. 

16 D. 
16 D. 

16 D. 

16 E. 

16 E. 
16E. 
16E. 
16 E. 

16 F.. 

16 F.. 
16 F.. 

16 F.. 

16 F. 

16 F.. 
16 F.. 

16 F.. 

17 D. 
17E. 
17 E. 
17E. 



17E.. 

17 F... 
17 F... 
17F... 
17 F... 
17 F.., 

17 F... 

17 F.. 

17F... 
18D.. 

18 E.. 
18 E.. 
18 E.. 

18 F., 

18 F... 

18 F... 
18 F... 

18 F... 



18 F. 

19 D. 
19 E. 
19 E. 
19 E 
19 E. 
19 E 
19 E. 
19E 
19 E 

19 E 
19 F. 
19 £. 
19 

19 0. 
19 O 



Part 

of aeo- 

tlon. 



8.... 
SE... 

B£. . .. 

C... 

C... 

w... 



E. 

8. 

N, 

N. 
S. 



Locality. 



1 mile southeast of Wading 
River station. 

2 miles southwest of Wading 
River station. 

li miles west of Wading 

River station. 
} mile northwest of Wading 

River station. 
} mile east of WoodvUle 

Landing. 



Coast. 



NearUerod Point. 
Moriches Bay 



C... 
E... 
N... 

NW. 



North of East Moriches. 



South of Manorville , 

2 miles east of Manorville. 
Along Peoonlo River 



8W. 

E... 



W 

c. 

E. 



8.. 
W. 
C. 



N. 



S.. 

c 
w. 

N.. 
N.. 



N. 

N. 

N, 
N. 
8. 
C. 

N. 



Near I>eep Pond 

South of Fresh ?ond Land- 
ing. 
Along coast 



Coast. 



Paine Landing 

Hulse Landing , 

East of Fresh Pond Landing. 



2 miles north of " Rock UiU' 



South of railroad. 



Near Baiting HoUow. 

Along coast 

Coast 



Near Friars Head . 



i mile east of Roanoke 

Landing. 
Near Roanoke Point 



C,S. 

N... 



N. 
N. 

N. 



N... 
N... 
8.... 
S.... 
C... 
C... 
E... 
NW. 
NW. 
N... 



N... 
NW 
N... 
SE.. 



SE. 

SE.. 



Along coast. 



\ mile west of Jacob Point. . 
Near Jacob Point 



.do. 



Near Luce Landing. 

Hampton Beach 

Coast 



Tiana Creek 

Shinnecock Canal 

North of moraine. . * 

Red Cedar Point 

1 mile east of Southport. 



2 miles east of Southport. 



Mattituck Inlet. 



.\long coast 

Near Oregon Hills. 



Features. 



See 16 E (C. N). 

Branching ketUe-x-alley system (deep pond) 

... .do 

Bowlder (20 by 20 by Id feet) near highway through moraine 

Bowlder (20 by 18 by 15 feet) near edge of marsh 

Old brickyards and clay pit, probably in Gardiners clay and Jacob sand; upturned 
Jacob sand in ravines; Montauk till member of Manhasset formation overlies 
clav pits. 

Lanaslips along blu^ and fresh-water pocds along beach, both suggestive of 
Qardiners clay and Jacob sand beneath talus; many deep ravines and amphi- 
theaters: magnetic and gametiferous sands on beach. 

Horizontal beds of Herod gravel member, overlain by Montauk till member of 
Mantiasset formation. 

Barrier beach; erosion coast line; estuaries of pr»-Wisoonsin age 

Manhasset plain and valleys; local outwash from ice along Ronkonkoma moraine 
(largely near moraine). 

Local patches of loam, resembUnf "Jamesburg loam" of New Jersey 

Ronkonkoma moraine; d^ressea moraine at gaps (locally); compound type of 
morainal ridge. 

Moraintd outlitfs 

Exceptionally heavy morainal development 

Peconic River fosse 

Modified Manhasset surface with thin outwaah; laige kettles, kettle valleys, kettle 
chains, etc. 

Manhasset surface with original drainage but sUgbtly obscured; thin outwash near 
moraine and elsewhere. 

Branching kettle-vallev sj^tem 

Kettle valley and kettle chain 

Harbor Hill moraine rapidly diminishes; partly removed bv sea; almost disap- 
pears at Jericho Landmg; development of dunes at top of btufl and along north 
face of moraine becomes important. 

Fairlv clean blulls commonly showing from 50 to 90 feet of Herod gravel member 
of Manhasset formation; many amphitheaters; some landslips and springs sug- 
gesting Oardiners clay or Jacob sand near beach levd. 

Montauk till member of Manhasset formation exposed in upper part of blu&; 
many big bowlders on beach; thick Herod gravel member of Mazioasset. 

Same as preceding; Montauk till member continues to Fresh Pond Meadows, 50 
feet thick in places; thick Herod gravel member of Manhasset formation. 

Thick Herod gravel member; dunes at crest of blulb 

See 16 D (S). 

See 16 D ?N). 

Bowlder 125 feet in diameter reported 

Ronkonkoma moraine (strong development), morainal channels, cones, kettles, 
etc., of all types; Bald Hill cone. 

Peconic River fosse; Wisconsin outwash, etc., on Montauk formation; large ket- 
tles (Great Fond, etc.). 

Vineyard erosion valleys in Manhasset formation; kettle valleys, kettle chains, etc.. 

Outwash from ice along Harbor Hill moraine over Manhasset formation 

Numerous branching kettles (kettle-valley type) 

Harbor Hill moraine (weak development) 

Steep bluffs cut by deep amphitheaters; dunes at crost of bluffs; many exposures 
of llerod gravel member of Manhasset formation. 

Typical exposures of banded and cemented Montauk till member of Manhasset 
formation eroded into pinnacles and knife-edge ridges (in amphitheaters). 

Upturned clay ( Gardiners ) 

Folded and overturned Gardiners clay and Jacob sand 

See 16 D (S). 
See 16 D (N). 

Ronkonkoma moraine (see 17 E.C); depressed moraine at broad gap 

Wisconsin outwash, etc., on Manhasset formation; many small kettles, prd- 

Wisconsin valleys. 
Outwash from ice along Harbor Hill morahie over Manhasset formation; numerous 

kettles and kettle valleys; some Vineyard erosion valleys. 
Harbor Hill moraine capping Manhasset terrace (weak development with many 

gaps); partly covered with dunes. 

Bowlder 38 by 20 by 11 feet 

Tough dark (iardiners clay; Jacob sand; Herod gravel member of Manhasset for- 
mation; Montauk till member of Manhasset formation near top of bluffs. 
Pinnacles of Gardiners clay and Jacob sand; passible Jameco gravel; Herod gravel 

member of Manhasset formation; Montauk till member of Manhasset formation, 

near top of bluffs. 

Submerged peat and stumps 

Barrier Beach; dunes, marshes 

Erosion coast line in Manhasset formation 

Manhasset plains with thin outwash 

Ronkonkoma moraine (depressed at gap) 

Late narrow outwash channel in Ronkoxikoma moraine 

Outwash from ice along Ronkonkoma moraine 

Wisconsin outwash on Manhasset formation; kettle; Vineyard erosion topography. 

Fine spit 

Montauk till member of Manhasset formation and Gardiners clay in overturned 

folds in bluffs; Triassic bowlders in Montauk till member. 

Herod gravel member of Manhasset formation in bluffs 

See 18 F (C, S). 

Submerged kettle valley in Manhasset surface 

Outwash from ice along Harbor Hill moraine on Manhasset formation; outwash 

channels near Oregon Hills. 
Moraine largely eroded, only low narrow ridge remaining; several important gaps. . 
Montauk till member of Manhasset formation (with many Triassic bowlders) in 

bed in middle of bluff. 
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Principal points of geologic interest on Long Island — Continued. 



Coordi- 
nates 

on 
Plates I 
and U. 



10 O 
19 

20E 
20E 
20E 

20E 

20F 
20F 



20 F.. 

20F. 
200. 
20O. 

20O. 
20O. 

20O. 
20H. 

21 E. 

21 E. 
21 E. 
21 £. 




21 
21 

21 
21 



F. 

F 

F. 
0. 



210. 
210, 
210. 



21H. 
21 H. 

21 H. 
21H. 
21H. 
21H. 
21 H. 



21 H. 

22E. 
22F. 

22 F. 
22 F. 

22 F. 
22 F. 
22 F. 
22 F. 
22 F. 

22 F. 
22 F. 
22 O. 

220. 

220 

22 O. 

22H 

22H. 

22H. 

22H. 

22H. 



22 a... 



23 F. 
23 F. 
23 F. 

23 F. 
23 F. 

23 F. 
23F. 
230. 



N, 



SE.. 
C... 



NW. 

C... 



8W... 

NW... 
W... 

N 

SE... 



N, 



Locality. 



Middle of Oregon Hills 

i mile southwest of Duck 

Pond. 

Hampton Beach 

Shinnecock Hills 

i mile east of Shinnecock 

Canal. 
Northeast of Cold Spring 

Pond. 

Near Cow Neck 

West side of Robins Island. . 



East side of Robins Island. 
New Suffolk 



1 mile southwest oi Cut- 
cbogue. 

Along coast 

West of Ooldsmith Inlet 



Horton Beach 

Near Horton Point. 



NW. 

NE... Near Watermill. 
NW...| 2 mUes northwest of South- 
ampton. 
SB.... 
SW- 
NE. 
NW... 

S 

w 

NW... 
NE... 



sw . . . 

sw... 

8 

S 

OKt a. . . 

C 

c 



NW. 

SW. 

sw. 

s.... 



c... 

SE.. 
NC. 
NC. 
N... 



N... 
NW. 
SW. 

NW. 

w.. 

NW. 

SW. 

c... 
w.. 

N... 
N... 



N 



SW.. 



sc. 



NW. 
N... 



West side of Jessup Neck . . 
Oreat Hog Neck 



Shelter Island. 



Haahamomuck Pond 

i mile northeast of Ilasha- 
momuck Pond. 

South side of fluke 

West of Oreenport 

Shelter Island 

Along coast 

Coast bluflii 



^ mile southwest of Rocky 



»ohit. 



Scuttle Hole 

Sagaponack lAke. 

Poxabogue Pond. 



Long Pond 

2 miles southwest of Sag 
Harbor. 



Long Beach 

Northwest point of Hog 
Neck. 

Shelter Island 

South of South Ferry 

Ram Island, etc 

Hay Beach Point 

Long Beach 

Truman Beach 

South side of fluke 

Coast 



Bluff of Brown Hills. 



Oeorgica Pond . 



South and east of Easthamp- 
ton. 



2 miles northeast of Hard- 
scrabble. 
Near Freetown 



, E... 

, I NE . . . 1 mile north of Freetown . 



Features. 



23 O.... C West of Sammys Beach 

I I 

23 O . . . C 1 Cedar Point. Sammys Beach. 



Bowlder 15 fleet in diameter 

Bowlder 23 by 20 by 15 feet 

Barrier beach ; dunes 

Hills of Manhasset formation shoved and dragged by ice; old dune sands 

Old clay pit showing Oardiners clay gradinc into Montauk till member of Manhas- 
set formation: Herod gravel member of Manhasset formation. 
Oardiners clay and Montauk till member of Manhasset formation in bluffs 

Irregular areas of Manhasset formation apparently laid down around ice blocks. 
Oardiners clay, Jacob sand. Herod gravel member of Manhasset formation, and 

Montauk till member of Manhasset formation in bluffs (generally folded); fossils 

locally. 
Mainly Herod gravel member of Manhasset formation with some Montauk till 

member. 

Outlier of Manhasset formation 

Outwash from ice along Harbor Hill moraine on Manhasset formation 

Kettle with till rim near Mattituck highway 

Narrow belt of Harbor Hill moraine (hardly forms a ridge) 

Much till, some apparently Montauk till member of Maimasset formation, shows in 

bluffs. 

Fine pocket beach backed by dunes inclosing large pond 

Bluffs, apimrently till from top to bottom; many large bowlders on beach; one 

bowlder 25 feet in diameter in water 1^ miles east of point. 
Outwash from ice along Ronkonkoma moraine with margin truncated by sea; 

estuaries converted into ponds. 

Ronkonkoma moraine 

Watermill pond kettle 

Kettle with outwash rim 

Manhasset formation overlain by thin outwash 

S trongly developed lUmkonkoma moraine 

Deeplv eroded Manhasset formation with thin mantle of Wisconsin till 

Heroa gravel and Montauk till members of Manhasset formation in bluffs 

Outlier of Manhasset formation with mantle of Wisconsin till 

Manhasset formation with thin mantle of outwash 

Thick deposits of Manhasset formation with Vineyard erosion topography ; mantle 
of Wisconsin till; fine spit at Shell Beach; bays of south side due to presence of 
Montauk ice blocks. Small show of Oardiners clay or Jacob sand opposite Conk- 
ling Point. 

Submwged kettle valley 

Kettle valley filled j^ith marsh deposits (this and the one next preceding bounding 
a remnant of Maimasset formation, formerly an island). 

Manhasset formation practioUly without outwash 

Big fresh marsh in depression in Manhasset formation 

See210(NE) 

Narrow and interrupted morainal belt, little in shape of ridge 

Bluffs mainly of till, probably largely Montauk till member of Manhasset formation ■ 
pavements and great heaps of bowlders on beach; some exposures of stratified 
gravels, probablv Herod gravel member of Manhasset. 

Bowlder 25 by 25 by 30 feet in water 

Barrier beach; Manhasset plains 

Manhasset plains with thin outwash 

Kettle valley, kettle chains, connected kettles; kettle channels, etc 

Estuary cut off from sea by beach (depression between Manhasset formation and 
outwash). 

Part of kettle valley 

Outwash on Manhasset formation (outwash controls topography); loam in places. 

Strongly developed Ronkonkoma moraine 

Kettles m outwash channels through moraine 

Outcrops of Oardiners day at considerable altitudes in moraine 

See 21 F (N W). 

Connecting beach •. 

Possible Jameoo gravel beneath rewwked fossiliferous Oardiners clay; Montauk 
till and Hempstead gravel member of Manhasset formation. 

See210(NE). 

Flats of thick till (Montauk till member of Manhasset formation) 

Islands united bv connecting beaches 

Low till bluffs (Montauk tillmember of Manhasset formation) 

Spit, dunes, marges 

Beach connecting island 

Manhasset formation with mantle of outwash 

Moraine is a more pronounced ridge than for aomedistanoe west; bluffs largelv H«^ 
member of Mannasaet formation, overlain by thick till (in part Montauk tUl mem- 
ber of Manhasset formation). 

Many exposures of Oardinov clay and Jacob sand, highly folded and overlain by 
Montauk till member of Manhasset formation; possible Jameco gravel under the 
Oardiners clay. 

Estuary closed by beach. 

Outwash from ice along Ronkonkoma moraine 

Dunes over outwash, till and bowlders reported to have been waahed out by waves 
on beach. 

Heavy Ronkonkoma moraine 

Moramal gap; outwash valley; depressed moraine 

Outwash channel through Manhasset formation. 

Ronkonkoma moraine. . . .' 

Manhasset formation with thin mantle of Wisconsin drift; topography mainly 
Vineyard erosion, modified by Wisconsin ice; kettles. 

Montauk till member of Manhasset formation overlying folded Herod gravel mem- 
ber. 

Fine spits - . ; 
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Prirtcipal poinU of geologic interest on Long Island — Continued. 



Ooordi- 
nates 

on 
Plates I 
andn. 



23G. 
231. 



231. 



24 F. 
24 F. 
24 F. 
24G 

240. 
240. 
24 G. 
24 O. 
24 0. 



24 0. 

24 H 
24H. 

24H. 
24 H. 
34H. 



24H 
a4H. 
25 F. 
25 G. 
25 G. 
25 O. 

25 0. 
26H. 

26 G. 
26 G. 

26 0. 

26 G. 
26 G. 
26G 
26 O. 
26 0. 
26 O. 
26 0. 

260 
26 O. 

270 



270.. 

270... 
270.. 
27 0.... 

27 0.... 
27 0.... 
27 O.... 
27 0.... 



Part 

ofaeo- 

tlon. 



Locality. 



E. 



NW.. 

8E... 



SE. 



C... 

N.. 
N.. 
8W. 



Southwest of Hog Creek 
Point. 

Near Orient Point 

North aide of Plum Island. 



South side of Plum Island. . 



Coast 

Along railroad. 



SW... Acabonack Harhor. 

W Near Hog Creek Point 

£ Ram Island, etc 

E ' Great Pond 

E ' West side of Oardiners Is- 
land. 



NE 



South of Tobaooo Lot Pond. , 



8 EastofCherry Hill Point.... 

8 Southwest of Bostwlck Bay. 



C ' do 

C ' Oardiners Point 

SE I Northeast coast of ardiners 

I Island. 



8E... 
SE... 
NW.. 

8 

SE... 
SE... 
8W.. 
SW.. 
8W.. 
SW.. 

SW.. 



W. 
W. 
C 
C. 
C. 
C. 
N. 



Inland on Oardiners Island. 

Tobacco Lot Pond 

Napeague Beach 

do 



Quince Tree Landing 

Oofl Pointp Hicks Island. 

Eastern Plain Point 

South coast 

Interior 



E... 
NE. 

NE. 



N.. 



N. 
N. 
N. 



N 

NW.. 
NW.. 
NW.. 



I mile southwest of Rocky 

Point. 
1 mile west of Rocky Point. . 

do 

Montauk station 

Fort Pond ^ 

South of Fort Pond 

Montauk station 

South of Culloden Point 



Near Ditch Plain. 
Great Pond 



South coast. 



Montauk Point. 



North of Montauk Point. . 
Southeast of False Point. . 
i mile west of False Point. 

1 mile west of False Point. 

Oyster Pond 

Near Shagwong Point 

Reed Pond 



Features. 



Low plain of till (Montauk till member of Manhasset formation). 



Mainly Manhasset formation; some outwash; magnetic sands on beach 

Oardiners clay; Jacob sand and Herod gravel membtf of Manhasset formation are 
involved in small folds; much till in bluffs (probably largelv Montauk till mem- 
ber of Manhasset formation). Several faults in Herod member. 

Broad plain of Montauk till member of Manhasset formation on southwest end; 
faulted Herod gravel member of Manhasset; folded Oardiners clay, Jacob sand, 
and Herod member: Montauk till member, east of Fort Terry. 

Belt of dunesof considerable width 

HiUsof Manhasset formation with little outwash 

Strong moratnal ridge 

Ooioral upland of Manhasset formation, with Vineyard topography; broad low- 
lands of Montauk till member of Manhasset formation . 

Sand spitand marshes 

Montauk till member of Manhasset formation in folded Herod gravel member. 

Spit in process of formation, largely below sea level 

Pond inclosed by V-shaped spit 

Montauk till member of^Manbasset formation north of Great Pond; Herod gravel 
membo* of Manhasset formation: reddish clays and clayey sands 1 mile north of 
Great Pond (Oardiners clay or Jacob sand). 

Jacob sand, Oardiners clay, and Montauk till member of Manhasset formation, 
(generally folded); fossils m Oardiners clay and Jacob sand. 

Fine section of red and black fossiliferous Oardiners clay overlain by Jacob sand 

Jacob sand with ripp*es; Herod gravel and Montauk till member of Manhasset 
formation. 

Fine V-shaped spit inclosing pond 

Sandy island making continuation of Oardiners Island spit. 

Cretaceous possibly present; Jameco gravel under Oardiners clay (doubtful); 
Oardiners clay, Jacob sand, and Herod gravel member of Manhasset formation 
involved in complex folds. Montauk till member of Manhasset commonly poorly 
developed. 

Ridges due to folding 

Bay bar. 



Paseof 
iescnptio] 



ption. 



Big connecting beach; high dunes; ftesh marsh among dunes, 
do 



Moraine (thin) on Manhasset formation; old dunes on surfoce: Manhasset erosion. . 

Montauk till and Herod gravel members of Manharaet formation 

Hooked spits 

Herod gravel and Montauk till member of Manhasset formation 

Thick Herod gravel monber overlain by Montauk till member 

Hills of Manhasset formation with superficial mantles of morainal drift (Wisconsin) 

and dune sand (local). 
Intermorainal fosse channels 



Jacob sand under Herod gravel, member of Manhasset formation. 
Herod gravel and Montauk till members of Manhasset formation. 
Bay bar. 



Pond inclosed by oay bar 

Barrier of Montauk till'member of Manhasset formation 

Uplands of Manhasset formation. (See 26 0, SW.) 

Herod gravel member of Manhasset formation under heavy till, possibly Montauk 
till membw. 

Low plain of Montauk till member of Manhasset formation 

Pond inclosed by bay bar, the latter charaoterixed by dunes, fresh marsh, and 
ponds. 

Mainly Montauk till member, often double or triple and including stratified sands; 
several outcrops of Oardiners clav and Jacob sand; Herod gravel member of 
Manhasset occasionally seen; possibly some Hempstead gravel member of Man- 
hasset. Sands below clays may belong to Jameco gravel. 

Thick Montauk till member of Manhasset formation overlain by stratified gravel 
(Hempstead member of Manhasset). 

Folded gravels (Hempstead member or gravelly phase of Montauk till member). . 

Montauk till member of Manhasset formation in blulls 

Dark chocolate-colored Oardiners clay; Jacob sand; Herod gravel member of Man- 
hasset formation. 

Montauk till'member of Manhasset formation exposed at point 

Pond behind bay bar 

Montauk till member of Manhasset formation 

Pond behind bay bar 
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GEOIiOGIC HISTORY. 



PBE-CBETACEOTJS EVENTS.* 

Little evidence is afforded by the older rocks of the Long Island region as to the conditions 
existing on the island in Archean and Algonkian time. The Fordham gneiss, which occurs at' 
the west end of the island, is of pre-Cambrian age, but as it may be either a metamorphosed 
sedimentary bed or an igneous rock, its exact relationship can not be told. Its quartzitic 
bands, which strongly suggest sedimentary origin, are parallel to the bedding of the Cambrian 
rocks, and in most places there is little evidence of any considerable unconformity between 



1 For a full dlscusston of the geologic history of the New York region, see New York City folio (No. 83), Geol. Atlas U. S., U. S. Oeol. Survey, 1902. 
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them. At a few points, however, important breaks exist. The region appears to have been 
under water through a part of the Cambrian at least, for a quartzite of this age is found at a 
number of points in the vicinity of New York. The quartzite is followed conformably, so far 
as is known, by the Stockbridge dolomite, indicating the presence of open water during late 
Cambrian and early Ordovician time. Sunilar conditions also continued without material 
break into late Ordovician time, as indicated by the conformable Hudson schist overlying the 
dolomite. There is no record of the Devonian and Carboniferous periods in the rocks of the 
region, and it is probable that during these periods the land was above water much of the time 
and was subjected to extensive erosion by streams. A little farther north considerable mountain 
masses were uplifted in Devonian time and were later reduced by erosion, and it is not impossible 
that some uplift occurred in the Long Island region, although not until near the close of the 
Carboniferous was the compression of the rocks into sharp folds (fig. 54, p. 66) finally com- 
pleted. In the meantime there had been considerable igneous activity in the region, manifested 
in the intrusion of the granitic masses in the Fordham gneiss of Long Island. Some of these 
masses on Long Island are so sheared, presumably as a result of the folding, that they now 
have a decidedly gneissic structure. 

After the period of mountain building there was a long period of erosion, during which 
the land was worn down to a low rolling surface. In the New Jersey region a shallow basin 
was gradually formed, and in late Triassic or early Jurassic time this basin was occupied by a 
body of brackish water, in which the red sandstones and shales of the Newark group were 
laid down. During the deposition of these beds there was a second period of igneous activity, 
producing both intrusions and surface sheets of diabase or '' trap rock," among which is the great 
mass known as the Palisades. 

Later, in Jurassic time, the entire eastern part of the United States became dry land and 
was worn down by streams until the whole surface was reduced to a gently undulating plain, 
with a few unreduced remnants or monadnocks. This plain, which was covered with the clayey 
products of decomposition, is known as the Schooley peneplain and extended from the Atlantic 
coast over what are now the Appalachian Mountains well into the interior of the country. 
Toward the close of the Jurassic period a tilting of the plain began, the part southeast of central 
New Jersey sinking below sea level and the part northwest of it rising. 

CHETACEOXTS EVENTS. 

The elevation of the land in the northwest led to a more active erosion, and the sand and 
clayey materials derived from the decomposition of the rocks were swept seaward and deposited 
along the coast, forming what is known as the Potomac group of New Jersey and regions farther 
south. The absence of marine shells and the presence of numerous leaves and other vegetable 
remains have led to the belief that the Potomac group is a fresh or brackish water formation 
deposited by meandering rivers or in estuaries or lagoons practicaDy cut oflf from the sea by 
barrier beaches. Several hundred feet of the clayey deposits were laid down. The deposition 
of the Raritan formation seems to have been completed in the early part of the Upper Cre- 
taceous epoch and in New Jeifeey was followed during the remainder of Cretaceous time by the 
deposition of more or less marly sediments characteristic of deeper water and indicating a con- 
tinued tilting, which eventually carried the old crystalline surface well below sea level. When 
the tilting was completed the land in the vicinity of Schooley Mountain, in New Jersey, had 
been elevated 1,500 feet, and the surface along the Atlantic coast sloped oflf beneath the sea at 
the rate of 100 feet to a mUe. In the Long Island region the late Cretaceous depression was 
less marked, clays and sands derived from the erosion of the uplifted peneplain continuing to 
be deposited while the marls were forming oflf the New Jersey coast. The fragments of fossil 
shells found here and there in wells or in the drift indicate that the clays and sands of Long 
Island were not all fresh or brackish water deposits, but were at least in part marine. The 
marl bed at the top of the hill near Melville (p. 68) suggests that fairly deep water covered this 
part of the island at the close of the period. 

1629"— 14 14 



194 GEOLOGY OF LONG ISLAND. 

TEBTIABT EVENTS. 
EOCENE EPOCH, 

Although there seem to have been slight interruptions in the deposition of the Cretaceous 
beds in certain parts of the New Jersey region/ the exposures on Long Island are too poor to 
admit of their recognition even if evidence of them is present. Between the Cretaceous and the 
Eocene deposits there was no strong break in New Jersey, for although a slight unconformity 
exists the deposits of the Eocene and the upper part of the Cretaceous are alike in character if 
not practically continuous in deposition. Where the Eocene deposits are seen they do not 
differ greatly in thickness but occur as a practically uniform bed across the State.' This uni- 
formity would seem to indicate the absence of any strong unconformity, the thinness of the 
Cretaceous being due to nondeposition rather than to subsequent erosion. There is, however, 
evidence of a slight unconformity at the top of the Eocene, but no extensive erosion of either 
the Eocene or the underlying Cretaceous beds seems to have occurred. Physiographic evidence 
elsewhere seems to indicate that the Eocene may have been marked by the completion of a 
peneplanation begun in the Cretaceous, and that the surface stood at a low level, land erosion 
being nearly at a standstill. 

MIOCENE EPOCH, 

At the close of Eocene time there was a further differential tilting of the land, in the early 
stages of which the Eocene deposits may have been somewhat eroded. Later, however, the 
Coastal Plain was depressed and the sea advanced across the Eocene and over the Cretaceous 
deposits on the west. This depression probably completed the principal tilting of the early 
Tertiary peneplain. Ovei; both the Eocene and the part of the Cretaceous covered by the 
ocean the sandy beds of the Miocene were deposited. These were thin near their western 
limit but somewhat thicker seaward, burying and obliterating the erosion surface cut in the 
Cretaceous and Eocene deposits. 

EARLY PUOCENE EPOCH. 

After the deposition of the Miocene sediments there was a decided uplift, which raised the 
deposits above sea level and brought on a period of active erosion, which in the New Jersey 
region removed considerable portions of the Miocene beds and cut into the underlying Eocene 
and Cretaceous. 

LATE PUOCENE {F) EPOCH (LAFAYETTE FORMATION), 

The early Pliocene was followed generally throughout the Atlantic Coastal Plain by a period 
of deposition during which the Lafayette formation, consisting of a mantle of sands and clays 
derived mainly from the underlying Cretaceous and other beds, was deposited over the Coastal 
Plain, even overlapping the metamorphic rocks in places and apparently obliterating the 
topography developed in the early Pliocene. It has usually been assumed that the deposition 
took place during the period of submergence that has been postulated by most geologists as 
occurring at this time, but Chamberlin and Salisbury ' havie recently argued that the Lafayette 
was laid down in eastward-transgressing zones of stream deposition, which filled the valleys 
and spread somewhat widely over the coastal peneplain that had been developed in the less 
resistant deposits in Eocene and Miocene time. The transgression they consider to be due to a 
moderate "bowing" of the peneplain rather than to submergence. They also supposed that 
the conditions affecting vegetation and precipitation had an important influence on the nature 
of the erosion and deposition. 

It seems certain, however, whether the formation is marine or fluviatile, that the land 
could not have been far above sea level, for the widely spreading mantle of clays and sands 
could not well have been formed at its present elevation of 300 or 400 feet had the streams 
possessed the fall that this would require between the landward limit of the formation and 
the then existing coast, which could not have been far east of its present position. 

» Clark, W. B., Science, new ser., vol. 4, 1896, p. 759. 

> Clark, W. B., Correlation papers— Eocene: Bull. U. S. Oeol. Survey No. 83, 1891. 

* Chamberlin, T. C, and Salisbury, R. D., Geology, vol. 3, 1906, pp. 305-306. Compare views of Hill and Vaughan, Eighteenth Ann. Rept. 
U. 8. Geol. Survey, pt. 2, 1898, pp. 246-247. 



QUATEBNABY EVENTS. 195 

The general absence of glacial erratics in the Lafayette has led most authorities to refer 
the formation to the Pliocene, but Hilgard referred the similar deposits of the Mississippi Valley 
to the Pleistocene. The granitic materials at Natchez, on which his opinion was based, have 
since been shown by Chamberlin and Salisbury ^ to rest unconformably on the Lafayette, 
which they retain in the Pliocene. It has been suggested that the light sands overlying the 
known Cretaceous on Long Island (p. 80) might doubtfully be Lafayette, but they are destitute 
of crystalline pebbles, and this would seem to indicate a pre-Pleistocene origin. 

POST-LAFA YETTE EROSION, 

The deposition of the Lafayette formation was followed by a period of active erosion, 
during which the Tertiary and Cretaceous deposits were cut down in places in the Long Island 
region from an altitude of about 300 feet above the present sea level to one somewhat below 
it. The exact depth to which the erosion extended could not be determined with certainty, 
owing to the difficulty of recognizing the Mannetto-Cretaceous contact from well records and 
samples. The Mannetto gravel (the earliest Pleistocene deposit) is found resting on the Cre- 
taceous down to sea level and the unconformity probably extends considerably lower. 

The northward slope of the general Cretaceous surface and the buried pre-Pleistocene 
valleys in the Cretaceous show that a powerful drainage system existed north of the present 
island, and there is little doubt that extensive excavation took place in the Long Island Sound 
region at this time. The magnitude of the unconformity resulting from this erosion, which was 
many times greater than that producing the post-Miocene unconformity farther south, is the 
chief reason for placing it after the Lafayette. So far as the island is concerned, it is the only 
period of erosion between the Cretaceous and the Pleistocene of which a record has been left. 

QTJATEKNABY EVENTS. 

PLEISTOCENE EPOCH. 
MANNETTO GLACIAL STAGE. 

The earliest of the Long Island deposits that have been referred to the Pleistocene is the 
Mannetto gravel, which has been described elsewhere, and the reasons for its assignment to the 
glacial series have been there presented (p. 85). The term "Mannetto stage'' is applied to the 
period of its deposition. 

The large percentage of quartz and the sporadic yellowish clays in this formation are 
strongly suggestive of a derivation of the Mannetto material from the formations of the Coastal 
Plain like the Cretaceous and Miocene, or from glacial material forming a mantle of residual 
soil. Over 99 per cent of the material is probably from one or the other of these sources. The 
remaining fraction of 1 per cent consists of granitic pebbles and erratic bowlders, apparently, 
to judge from their absence in the Cretaceous and Tertiary deposits, derived directly or indirectly 
through some agent not acting in the earlier periods of deposition. Although it is possible 
that the deposits are strictly fluvial, it is thought more probable that glacial ice played a part 
in their accumulation, being the agent to which the peculiarities pointed out are due. 

The deposits are now found up to a maximum altitude of about 330 feet, at or near which 
extensive remnants of an old flat surface of Mannetto gravel still exist. This fact may possibly 
indicate that the land stood 330 feet lower than at present and that a broad, flat sheet of gravel 
was built up to that level, at least in parts of the island. The slope of this surface from 330 
feet at its north end to 270 feet at its south end, or at a rate of 15 to 20 feet to the mile, is 
very similar to that of the present outwash plain in the same region, and the flow and 
plunge structure of the two are identical so far as can be seen. On the other hand, the erratic 
bowlders of the Mannetto have no counterpart in the outwash on Long Island, although the 
Wisconsin ice is known to have abounded in such bowlders. 

The slope of the old Mannetto surface and the internal structure of the deposit would favor 

an outwash origin. The evidence of the bowlders might seem to point to submergence, at 

— 

1 Op. cit., p. 308. 
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least enough to admit of flotation by thin ice, but transportation by floating ice, such as might 
occur in the shallow deploying streams of an outwash plain, may readily be conceived, although 
nothing of the sort appears to have taken place in the Long Island region under what must be 
acknowledged as equally favorable conditions in Wisconsin time. It is possible that the lower 
part of the deposits in which the bowlders were found was formed below sea level, and 
that the upper part was a sloping subaerial outwash plain similar to those now existing on the 
island. The presence of the well-stratified clayey layers at low levels is also favorable to the 
hypothesis of partial submergence, for such clays have not been found in the later outwash 
deposits of the island and would be difficult to account for in those positions owing to the 
absence of any probable causes of pondmg. (See Bridgeton formation, p. 223.) 

The Sound depression already existed in pre-Mannetto time, as shown by the Cretaceous 
topograpliy beneath the Mannetto, but it is possible that large Cretaceous deposits existed 
along the Connecticut coast and supplied much of the gravel making up the Mannetto 
formation. 

The granite bowlders are found near the bottom of the Mannetto, as exposed on the island 
and granitic pebbles occur up to the very top, hence the ice invasion began early in the Man- 
netto stage and continued to its close. That the period of ice invasion was long seems to be 
indicated also by the great thickness of the deposit. 

Tlie small percentage of granite pebbles may be due to a long period of attrition beneath 
the ice or in waters near its margin, wliich effectively reduced most of the fragments. On the 
other hand, the fact that the first ice moved across an area of residual soils, where a lai^e part 
of the materials picked up must have been disintegration products consisting largely of clay 
and quartz, with a few fresh granitic fragments, may be the chief reason for the small per- 
centage of granitic pebbles in the Mannetto compared with the later Pleistocene gravels. 

The exact place where the ice margin rested is lai^ely a matter of speculation. It may 
have halted in the Sound trough a httle north of the present edge of the island. 

POST-MANNBTTO INTBRGLAGIAL STAGE. 

The deposition of the Mannetto gravel was followed by a period of extensive erosion during 
which the formation, originally 100 to 300 feet or more thick over western Long Island, was so 
completely reduced that only a few isolated knobs remained at the beginning of the Jameco 
deposition. The term post-Mannetto is appUed to this apparently interglacial stage of erosion, 
which is well represented by the Wheatley Hills, near the village of the same name, the essen- 
tial topographic expression of which, the superficial coating of till being disregarded, is due to 
erosion in this epoch. 

The highest remnant of the Mannetto surface is found in the West or Mannetto Hills, in 
the northern part of which it has an elevation of 330 feet above sea level. In the Wheatley 
Hills remnants of the Mannetto probably occur as high as 300 feet. From tliis altitude, which 
appears to mark the upper hmit of the formation in western Ijong Island, valleys were cut 
down to a point not less than 300 feet below the present sea level, the depth to which the suc- 
ceeding Jameco gravel has been recognized in wells. 

Whether the Mannetto gravel lay at a similar altitude over eastern Long Island is not 
known, but its development was probably somewhat- less in this direction. Large masses, 
nevertheless, probably existed and the fact that the deposits as a whole were eroded until only 
scattered remnants were left points to a period either of very rapid or of long-continued erosion, 
or most hkely both. The elevation as estimated from the Hudson submarine channels, wliich 
are assumed to have been formed at tliis time, appears to have varied from 1,300 feet in the 
earUer part of the stage to over a mile in the later part (p. 60). 

The pOst-Mannetto erosion presumably followed, in its broader features, the fines of pre^ 
Mannetto drainage, as the Mannetto gravel was probably somewhat lower over the deep Cre- 
taceous valleys than over the Cretaceous knobs, in the same way that the Wisconsin outwash 
is lowest where the underlying Manhasset formation is low and highest where the Manhasset 
is high. That this is true in the Mannetto HiUs region is shown by the section at this point 
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(fig. 67, p. 81), the Mannetto and Cretaceous erosion surfaces being almost parallel. Where 
the Cretaceous relief was less marked, however, the erosion was independent of the old topog- 
raphy and cut indiscriminately into Mannetto and Cretaceous. This type of erosion was 
probably especially characteristic of the north-shore districts. In general, however, the land 
at the close of the post-Mannetto interglacial stage appears to have been not greatly different 
in extent and topography from that existing at the beginning of the Mannetto stage. The 
larger Cretaceous remnants appear to have been very nearly the same as before, the principa- 
differences apparently being the presence of a mantle of Mannetto gravel that covered and 
obscured the older deposits in places and the deeper trenching of those deposits elsewhere. 

JAMECO GLACIAL STAGE. 

The extensive erosion epoch just described was followed by an influx of material whose 
granitic character seems to indicate a glacial source. The position of the deposits below sea 
level and the necessity of depending on well records for a knowledge of them make the deter- 
mination of their exact character and structure practically impossible, and it is not definitely 
known whether or not the ice actually invaded Long Island. The high percentage of granl 
itic pebbles present locally may mean the near proximity of the ice sheet, but the deposits as 
a whole do not differ greatly, so far as appears from well records, from the later Manhasset or 
from the Wisconsin outwash deposits, and they may have a similar origin, in which case the 
ice front presumably lay somewhere in the Sound. The distribution of the Jameco gravel on 
Long Island and the islands east of it would seem to indicate that the front extended along the 
Soimd beyond Orient Point, passed north of Block Island, crossed southeastern Massachusetts 
(probably between Plymouth and Boston), and passed north of Truro, Cape Cod. 

The deposits appear to have accumulated in part in the space between the ice front and 
the Cretaceous-Mannetto core of Long Island, and in part outside of and aroimd the then 
existing land masses, the materials being swept westward and southward through the depression 
east of Jamaica and eastward and southward around the east end of the existing land beyond 
the Mannetto Hills. The depression of the land at this time seems to have been 150 feet or 
more (p. 218). 

The erosion by the ice in the immediate vicinity of its margin appears, if we may judge 
by the relatively small amounts of quartz and other locally derived materials, much less pro- 
noimced than during the first invasion. In fact, the almost entire absence of recognizable 
material derived from the underlying Cretaceous or the Mannetto gravel would seem to indicate 
either a nearly stagnant condition of the ice near its margin or a sheet so overloaded with 
material that it could no longer erode. 

GARDINEBS INTEBGLACIAL STAGE. 

The Jameco gravel gives way abruptly to the Gardiners clay, as if the source of materials 
was suddenly removed, as it doubtless was by the retreat of the ice sheet from the vicinity of 
the island. So far as known there is no unconformity between the two formations, the lignitic, 
marshlike, and fossiliferous phase of the Gardiners following without any important time 
break upon the cessation of Jameco deposition. 

The land masses during the deposition of the Gardiners clay remained essentially as during 
the Jameco deposition. No conspicuous change of level took place either at the beginning of 
or during the Gardiners deposition, although there was a slow subsidence, which kept pace 
with the accumulation, the top of the formation always remaining at or below sea level. The 
subsidence could have been little if any more rapid than the deposition, as there is apparently 
an entire absence of locally derived materials, such as would be present if the sea encroached 
upon the Cretaceous and Mannetto land masses to any extent. The actual position of the 
land, to judge from the general occiurence of the clays below sea level at the present time, 
appears to have been generally a little higher than the present level, the few occurrences of 
clays above sea level being apparently due to folding. 
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In western Long Island the clays appear to have accumulated in the form of marsh deposits 
bordering the preexisting land masses, but in eastern Long Island peat, muck, and other indi- 
cations of marsh origin are less common, and the nonorganic character of the bulk of the deposits 
appears to indicate an offshore origin of the formation, except perhaps of the earliest phases. 

The question whether the deposition took place during a true interglacial stage or simply 
during a temporary retreatal stage is somewhat puzzling. The presence of fossils in the clays 
at several places indicates a period of sufficient length to permit the reoccupation of the formerly 
glacial waters by animal life, and although this might, under favorable circumstances, take but 
a few years, the character of the remains indicates a climate no colder than that of the Maine 
coast at the present time, hence it is probable that the ice had drawn back to the northern por- 
tion of the continent, if it had not entirely disappeared. The lignite present in the clays on 
western Long Island and elsewhere and the general blackish color, presumably due to oi^anic 
matter, of the same clays on the Massachusetts islands and on Cape Cod indicate that plant 
life had also extended itself over the region. The thickness of the clays themselves, taken in 
connection with their apparently slow accumulation, likewise points to a period whose length 
is more compatible with an interglacial stage than with temporary retreat. 

JACOB TRANSmONAL STAGE. 

The fact that the transitional Jacob sand gives place to the glacial Herod gravel member 
of the Manhasset formation without any recognizable time break, and that the latter in 
turn gives way by transition to the great Montauk till member of the Manhasset, would make 
plausible the supposition that the advent of new materials from the advancing ice sheet brought 
about the change from the marine Gardiners clay to the more quartzose Jacob sand. It is not 
unreasonable to suppose that the change of material marking the beginning of Jacob deposition 
took place as soon as the advancing ice front reached the headwaters of the Connecticut and 
began to discharge its drainage down the valley of that river. Under such conditions only 
the finer material would be borne to the river's mouth and distributed in the surrounding 
region. The quantity of materials, if the supposition as to origin is correct, would indicate a 
very slow advance, as the Jacob sand reaches a thickness of at least 30 feet. 

Although the materials seem to be of glacial derivation, the Jacob is essentially a marine 
formation. It extends from western Long Island to southeastern Massachusetts and its per- 
sistency points clearly to marine deposition rather than to accumulation in valleys or basins 
above sea level; moreover, its marine fossils fix its origin beyond dispute. 

Evidence of any material change of level is lacking. That no considerable elevation took 
place is shown by the entire absence of any evidences of stream erosion in the deposits at this 
horizon, the only unconformities being those due to the scouring action of the overriding 
Montauk ice. 

During the period of Gardiners deposition, as elsewhere pointed out, the land appears to 
have slowly subsided, the sinking just about keeping pace with the acciunulation, as indicated 
by the fossils and salt-marsh deposits at the various horizons. 

Such marsh deposits are absent, however, from the Jacob. This fact, taken in connection 
with the persistency of the beds, the regularity of the lamination, and the general absence of 
ripple marks, suggests a sinking of the crust and a deepening of the water. As noted on another 
page, however, faceted pebbles elsewhere in the immediately overlying Herod gravel member 
of the Manhasset point to a subaerial accumulation of the Herod; hence it is probable that the 
subsidence was slight, possibly only a few feet, or a little more than enough to keep pace with 
the accumulation. This slight depression probably resulted in a further contraction of the land 
masses of the island, so that, except in the Mannetto, Wheatley, and Half Hollow hills and 
certain other parts of western Long Island, marine currents had free sweep over the region. 
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MANH ASSET GLACIAL STAGE. 
HB&OD GLACIAL SUBSTAOE. 

The change from the fine sandy silts of the Jacob to the glacial gravels of the Herod member 
of the Manhasset formation indicates a nearer approach of the ice that supplied the materials. 
The sandy nature of the lower beds, the more gravelly character of the upper layers, and the 
final transition into the Montauk till member would seem to mark various stages of the advance 
of the ice, the front possibly just reaching the Sound at the time of the earlier deposition, 
advancing close to the north shore of Long Island in the later Herod accumulation, and 
eventually invading the island in the succeeding Montauk substage. 

The Herod accumulation was marked by the development of strong currents, far more 
swift and powerful than those of the Gardiners and Jacob stages of deposition. In fact, no 
clay or fine silts could have been deposited if currents of like strength had existed during those 
stages. These currents may ba regarded either as glacial streams, emerging from the near-by 
ice front and deploying over a subaerial outwash plain, or as tidal or other currents of the sea, 
according to the elevation of the region with reference to sea level. 

The Jacob accumulation certainly took place below sea level, and in the absence of any 
evidences of stream erosion at its upper contact there is almost equal certainty that it was 
not lifted above sea level before the beginning of the conformable Herod deposition. The 
lower beds of the Herod must therefore have been deposited at or below sea level. Higher up 
in the Herod member, however, wind-faceted pebbles point to subaerial accumulation, making 
it seem probable that subsidence either was not going on at this time or did not keep pace with 
the upbuilding. This part of the Herod seems most Ukely to have been formed as an outwash 
plain similar to those of the Wisconsin stage, though on a larger scale. The accumulation 
appears to have been very slow, the surface being exposed for long periods before being covered 
by the succeeding layer. That the surface was probably nearly or quite devoid of vegetation 
and that it was subject to strong winds, transporting sharp sand as in a sand blast, and in fact 
possessed many of the characteristics of a desert, is shown by the faceted pebbles. That these 
conditions were widespread rather than local, furthermore, is shown by the presence of similar 
pebbles at the same horizon on Nantucket and Cape Cod. 

It seems probable that different conditions prevailed toward the close of the Herod accu- 
mulation, the deposition of the overlying Montauk till member apparently taking place below 
sea level. It would seem, therefore, that the subsidence, which started at least as early as the 
beginning of the Gardiners deposition but which barely kept pace with the accumulation in 
the Gardiners and Jacob stages, went on more rapidly during the later part of the Herod sub- 
stage; so that, notwithstanding the upbuilding of the earlier deposits to some height above sea 
level and the continued rapid deposition, the whole of the Herod was carried below sea level 
before the advance of the ice marking the close of its deposition. 

The Herod member differs in thickness from point to point, as all deposits must whose 
materials are supplied by glacial streams, but on the whole the member displays remarkable 
persistency and uliiformity for a glacial deposit. It seems to have had the form of a single 
broad southward-sloping cuesta-like outwash plain, partly subaerial and partly submarine, 
rather than that of a series of small outwash fans. 

MONTAUK GLACIAL SUBSTAOE. 

FIRST ADVANCE OP TUE ICE. 

Position of ice margin. — The ice, which was still remote at the beginning of the deposition 
of the Jacob sand, had approached nearer during the deposition of the Herod gravel member 
of the Manhasset, and it actually invaded the Long Island area at the beginning of the Montauk 
substage, as indicated by the change of the deposits from gravel to till. The ice is thought to 
have reached south in western Long Island in a lobe extending down the old Jameco valley 
between Jamaica and Brooklyn, depressing the Gardiners clay beneath its weight in that 
vicinity and giving rise to a doming at its edge, as recorded in the wells of the Rockaway Ridge. 
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Eastward from this region the ice front, for the most part, probably rested against the side 
of the M annetto and Half Hollow hills, although bowlders in the Half Hollow Hills and a structure- 
less mass resembling till resting upon the Cretaceous in the Bethpage pits suggest a temporary 
advance extending much farther south. Beyond the hills mentioned the margin bent to the 
southeast and passed off beyond the present coast line at a point somewhere west of the till 
exposures in the Easthampton beaches. Its invasion is marked in western Long Island by the 
bowlder bed of Hempstead Harbor and by the bowlders and till in the wells of the exterior of 
the island, and in central Long Island by a thick bed of till. On the North Fluke its work was 
mainly erosion, but it also laid down a certain amount of till, and on the South Fluke it accom- 
plished both severe erosion and heavy deposition. 

Erosion by the Montauk ice sheet, — The erosion unconformity at the base of the Montauk 
till member of the Manhasset formation has been described elsewhere (p. 134). It extends from 
Long Island through Block Island, Marthas Vineyard, and Cape Cod to the Maine coast or 
beyond and is nearly everywhere characterized by evidences of drag, by ice-shoved bowlders 
and till deposits; or by superficial thrust faults, folds, and contortions. In fact, the evidences 
are so clear-cut and decisive as to establish without question the eroding agency as the Montauk 
ice sheet. 

The ice on its advent was strong and vigorous, as is characteristic of an underloaded 
glacier, and although it produced some folding, mainly of the open type, its work was largely 
erosion and consisted in scouring broad, shallow trenches and basins and in beveling the 
upturned beds of the arches and folds. Later its vigor appears to have decreased, probably 
through overloading by material picked up in its earlier stage, and deposition of the great beds 
of till which are characteristic of the Montauk member followed. 

Accumulation of the earlier deposits of the Montauk tiM member. — ^The evidence bearing upon 
the conditions existing during the accumulation of the Montauk till member presents many 
puzzUng features. The most characteristic phase of the Montauk is the till, and of this the 
most distinctive feature is its pecuhar banding or lamination. This lamination, which is 
described in detail in another place (p. 133), is unquestionably the result of accumulation in 
the presence of water and may be conceived as due to deposition in local basins on a land 
surface, to pm*ely aqueous deposition in the sea, to extremely rapid deposition in front of the 
ice margin by unconfined glacial waters above sea level, or to accumulation beneath the ice 
sheet overriding the water-saturated Herod gravel member and other deposits below sea level. 

Tliat the deposition did not take place in local land basins appears to be indicated by the 
extent of the Montauk member as well as by the absence of the necessary barriers; that it 
was not the result of unconfined glacial waters deploying upon the land is shown by the per- 
sistent character and horizontal position of the bedding, the member exhibiting neither the 
high angles of aqueous morainal accumulations nor the definite stratification that it would 
have if it Were an outwash deposit; and that it does not represent marginal deposition below 
sea level is made apparent, Ukewise, by the absence of any well-marked assortment, such as 
would inevitably result from purely aqueous deposition of this nature. The member is filled 
with erratics irregidarly distributed through its mass in far greater number than can be readily 
conceived as arising in any way other than by direct deposition as ground moraine beneath 
an ice sheet. The banding, however, is far more conspicuous than in any ordinary subaerial 
accmnulation of till. Accumulation beneath the ice sheet in the presence of abundant water 
appears, therefore, to be the most probable origin of these deposits. It seems likely that tlie 
lamination results from dragging a loose body of drift, obtained by erosion or from the ice by 
basal melting, and its readjustment in the presence of water. The extent of the Montauk 
member seems to indicate that the water was a general rather than a local feature and suggests 
that the deposits were most probably laid down below sea level. 

That the deposition of the gravel phase of the Montauk took place below sea level would 
of necessity follow if the interpretation of the origin of the till is courect, as the two have the 
same stratigraphic position, one grading laterally into the other. The angle of bedding, high 
in many places, the rapid change in direction of the dip, and the presence of delta and other 
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flow and plunge structures and of contemporaneous unconformities of erosion and deposition 
are all in harmony with the assumed conditions of rapid submarine accumulation at the margin 
of the ice sheet. The bowlders, too, seem to point to an aqueous origin, for although ice-rafted 
bowlders are not uncommonly borne down the shallow streams of outwash plains and left in 
the gravels, such definite and continuous beds as characterize the Montauk horizon on Long 
Island are seldom formed in that way. 

The absence of fossils, except those of secondary origin, in the reworked deposits of the 
Gardiners clay points to shallow water. In Inglefield Gulf, Greenland, overlooked on three 
sides by ice caps, abimdant marine hfe was found by T. C. Chamberlin, who states ^ that 80 
crinoids and numerous more common forms were obtained from a single haul of the dredge. 
If deep water had prevailed along the Montauk margin, similar evidence of life would be 
expected; but if the water was very shallow, the quantity of silt known to have been constantly 
discharged into it by glacial streams and the rapid upbuilding of the deposits by the coarser 
material would tend to prevent the occupation of the water by marine forms along the imme- 
diate border of the ice. The severity of the erosion by the Montauk ice indicates that the 
depth of the water was too slight to aflfect materially (through its powers of flotation) the 
scouring action of the glacier. On the whole it seems probable that the Montauk accumulation 
took place in very shallow water, possibly only a few feet in depth, with perhaps numerous 
islands, due to folding, rising above its surface. The actual depression of the land with refer- 
ence to the present sea level appears to have been from 75 to 100 feet. 

FOLDING DURING MONTAUK 8UBSTAGE. 

Extent. — The most marked feature of the Montauk till member, aside from the deposits 
themselves, is the great folding that th^ imderlying beds exhibit. This folding is of widespread 
distribution, being foimd from Brooklyn on the west to Orient and Montauk points on the 
east, as well as on the adjoining islands. East of Long Island it is developed on a large scale 
on Fishers, Block, Marthas Vineyard, and Nantucket islands and on Cape Cod and the Maine 
coast. The magnitude of the disturbance is in places very great, at least for a surface feature, 
not a few of the folds reaching a height of 100 feet and some measuring 150 feet or more. The 
folds always present their steepest faces to the south or are overturned in that direction. 
Many of them pass into faults, almost always of the thrust type, the upthrow being on the 
north. 

The disturbances affecting the beds are of at least five orders of magnitude — (1) tilting 
affecting the island as a whole; (2) low arches several miles in diameter and extending through- 
out the greater part of the length of the island, such as the North and South fluke ridges and 
their extensions; (3) low flat arches several himdred yards in diameter, representing UTegulari- 
ties in the broader arches of the second class; (4) steep, closed folds of considerable length but 
of slight breadth, many of them overturned and faulted; and (5) the minor crumplings of the 
individual layers of the sharp folds of class 4. These classes are not, of course, sharply differ- 
entiated from one another, all gradations between them being noted. Although the flexures 
differ in details of formation, all except those of the first class appear to have been the result 
of the same general agency, the natm*e of which is considered in the following paragraphs. 

Anticlinal nature ofthefiuke ridges. — The anticUnal nature of the fluke ridges is brought 
out by the height of the Gardiners clay lying upon and near them. Tliis formation on each 
fluke is commonly at or slightly above or below sea level, whereas between the flukes and, so 
far as can be determined from well records, both north and south of the flukes proper or of the 
Manhasset belts (p. 119) which mark their continuation to the west its height is about 50 feet 
lower. These ridges are therefore to be regarded as broad flexures having an altitude of about 
50 feet and a length of not less than 50 miles on Long Island, to say notliing of their eastward 
continuations — the northern one through Fishers Island, Watch Ilill, Point Judith, Elizabeth 
Islands, and Cape Cod, and the southern through Block Island, Marthas Vineyard, and Nan- 
tucket. 
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These broad flexures are not simple arches but compound folds or anticlinaria, being 
characterized by both minor local warpings and sharp, overturned folds and faults. The main 
warping affected all the Pleistocene formations and extended down into the underlying Creta- 
ceous beds, as shown by the occurrence of the latter in many places along the axis of the arch 
farther east, as on Block Island and Marthas Vineyard. The minor warpings probably affected 
all but the lowest of the Pleistocene accumulations, but the sharper and smaller folds and the 
faults are still more superficial, the disturbance becoming rapidly less downward and in many 
places disappearing entirely, even in the chff sections. It is doubtful if the beds lying 50 feet 
below the surface are much if any disturbed by even the more pronounced folds. 

Possible causes of the flexures. — Reaching down into the Cretaceous, the disturbance could 
have been produced only by an agency of great power. Crustal warping at once suggests itself 
as this agency, but there are many reasons against acceptmg it as the real cause. If the two 
flukes and their prolongations were part of a smgle uplift, the arching would be of a magnitude 
that would make the theory of crustal warping seem somewhat reasonable, but as a matter of 
fact the arches, though long, are relatively narrow, their extent transverse to the axis being 
apparently far less than is to be looked for in true crustal warping. Their occurrence in two 
groups, separated by a broad imdisturbed area, points to a repetition of local causes rather than a 
general cause such as crustal warping. It is believed, therefore, that such warping, if it played 
any part in the formation of the anticlinal ridges, was merely a subordinate agency. On the 
other hand, it seems equally certain that the ridges have resulted from causes differing also from 
those that produced the minor folds. They are too broad, low, and flat (some being several 
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FiouKE 198.~Diagram illustrating oom- 
presskm of beds through rearrangement 
of grains. 



miles wide and only 50 to 100 feet high) to have resulted from 
tangential thrust, and furthermore the deposits consist of incohe- 
rent sands, clays, and other material entirely incapable of trans- 
mitting thrust. 

That the anticlinoria are due to a warping of the siu^ace in 

their vicinity seems clear, but that they were mainly the result of 

a general crustal warping is very doubtful. It is more likely that 

V / \ /I they are due chiefly to a warping of the imconsolidated deposits 

-— :ia^ — ^ ^ — *i^ » / through agencies other than crustal movements. 

Sediments vary greatly in bulk according to the arrangement 
or *' packing" of the component grains or fragments. Being de- 
posited without application of external pressure and exerting 
only about two-thirds of the pressure of their normal weight (owing to the buoyancy of the 
water) the particles of the sediments are at first very loosely arranged. As the deposits thicken 
they may imdergo some readjustments leading to a decrease in bulk, but they remain far below 
their maximum density. 

If the fragments were spherical they might be arranged (1) so that the lines connecting the 
centers of adjacent spheres would form rectangles, as shown by a-a-n-a in figure 198; (2) so 
that the connecting lines would form rhombs with an acute angle of 60®, as Or-Or-b-l; or (3) 
so that the lines would form rhombs intermediate between the rectangle and the 60® rhomb. 
The first arrangement gives the maximum and the second the minimum vertical thickness. If 
the grains of a sedimentary bed were originally deposited in the first manner and were subse- 
quently forced by pressure to rearrange themselves into the second form, there would be a 
shortcniag of the vertical space taken up by the grains, represented by 

2(r-r cos 30°) = 2 r(l-cos 30°) = 0.268 r. 

The last factor is the equivalent of 13.4 per cent of the thickness of a given deposit 
(d-d'f fig. 198). If it is assumed that the original thickness of the Pleistocene deposits before 
the folding was 300 feet and that in the original deposition the fragments took an arrangement 
equivalent to the one first described, then if by the pressure of the ice their arrangement was 
later changed to the second form, there would have been a compacting of the deposits that 
reduced their thickness about 40 feet. 
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Of course, it is doubtless true that the grains never possessed as a whole the arrangement 
su^ested, but observations on soils show that the grains may be far from uniformly in contact 
with one another, many vacant spaces occurring among them. The application of pressure 
would be even more likely to close such spaces than it would to rearrange the grains. 

Actual tests on natural silts and sands, the properties of which may be taken as indicating 
the arrangement of the grains, show that although the average theoretical pore space is only 
about 30 per cent and the highest theoretical pore space only 47.64 per cent of the volume, the 
actual porosity,* as indicated by the water absorbed (which may amoimt to 50 per cent of the 
weight of the material *), is sometimes as high as 75 per cent. Pressure applied to such material 
could not fail to produce a very considerable compacting, probably fully equal to the theoretical 
amoimt due to the rearrangement of the grains. Experiments made on gravel under the 
writer's direction in 1912 showed that a pressure of 10 pounds to the square inch, correspond- 
ing roughly to the weight of 10 feet of material, resulted in a reduction of 5 per cent in the 
volume of the gravel tested. Higher pressures, up to and including 100 pounds, gave 1 per 
cent additional compactiQg. 

In the rearrangement of grains just described the decrease in vertical thickness is not the 
only result. Figure 198 shows that this decrease in thickness is accompanied by an increase 
in lateral extent. This increase (c-cO, which is equal to the radius of the grain, is not cumula- 
tive, however, being the same in a horizontal distance of a mile as in a fraction of an inch, 
hence it can play no part in the warping. 

It is well known, however, that clays flow readily under relatively slight pressure, as has 
been brought out many times by the movement of clays beneath even relatively low dams and 
railroad embankments. The long ridges of mud forced up on each side of the railroad fills 
recently built across a wide stretch of Great Salt Lake and the flow of the clays imderlying the 
Gatim Dam at Panama are cases in point. The likelihood of such flow is now imiversaDy 
recognized by engineers, and in all important constructions great precautions are taken to avoid 
building upon clayey materials. If the flow is so pronounced in 15 to 20 foot embankments, it 
must have been much greater imder the pressure of hundreds of feet of ice. The deposits over 
which the ice sheet passed were imquestionably saturated with water and the clays and fine 
sands, which when wet flow like quicksands, must have been very plastic. It is not improbable, 
therefore, that flowage toward the anticlinorial axes actually took place on a considerable 
scale, as it is known to have occurred in small degree in the case of some of the minor folds. 
The lateral flow of the clay may be conceived to have taken place either with or without an 
accompaniment of folding. Flows accompanying folding may be seen at many points on 
Long Island and the New England islands, beiag manifested by the squeezing of materials 
from the compressed parts of anticlines into the parts that were under less pressure. 

Notwithstanding the competency of an ice sheet to materially compact the deposits which 
it overrides, the anticlinorial ridges of the north and south flukes can not be referred to such 
an agency acting upon a uniform series of deposits. Ice overriding such an accumulation 
might indeed compress the materials and reduce their thickness, but the result would be broad, 
even depressions stretching from the outer limit attained by the margin of the ice back to the 
hard rocks of the mainland, lea viag the extramarginal deposits in their original horizontal posi- 
tion (fig. 199, p. 204). Such compression would, therefore, accoimt only for the northward slope 
of the arches, as the compacting would take place only on that side of the belt, failing entirely 
to explain the equally conspicuous southward slope. In other words, the materials north of 
the flukes have not simply been depressed, but the deposits beneath the flukes appear to have 
been actually raised, as they stand materially higher than in the extraglacial region on the 

south. 

It may be conceived, however, that the compacting was differential rather than uniform, 
the variation in amount being due cither to differences in the character of the Pleistocene 
materials or to differences in the altitude of the underhung Cretaceous and consequently in the 

» SUchter, C. 8., Theoretical investigation of the motion of ground waters: Nineteenth Ann. Kept. U. S. Geol. Survey, pt. 2, 1899, p. 309. 
• king, F. H., Principles and conditions of the movements of ground water: Idem, p. 70. 
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thirkntv^A of tho Pleistocene deposits. There does not appear to be sufficient variation in the 
oluimotor of tho Phnstocone doposits in the region to account for the abnormal difference between 
tlunr altitude in the moraine and their level elsewhere; hence this aid to differential compacting 
ntHMl not bo considered. An ice sheet moving over a region, such as that shown in figure 200, 
whoro porous glacial materials rest upon an irregular surface of more dense and resistant 
Ot^tftooous rocks, may be readily imagined to produce a considerable warping through com- 
pucting. It must be acknowledged, however, that though this may be a possible cause, the 
information at present available, either in the surface exposures or in well records, is insufficient 
to afford any absolute confirmation. 

On the whole, squeezing and flowage of the clays appear to be an entirely competent cause 
of the arching, the materials being assumed to have been pressed outward, or to the south. 




under the weight of the ice sheet, which, to judge from the presence of ice-deposited material 
at the top of the Mannetto HiUs, could not have been less than 410 feet thick at its margin and 
may have been much more. Beyond the margin of the ice the pressure would be largely 
removed and the clay would tend to thicken and rise, lifting the overlying beds. Under this 
assumption the larger and more pronounced ridge would be formed at the outer limit reached 
by the ice, and a smaller ridge would be associated with a retreatal halt, for the clay would be 
less mobQe and possibly thinner at the time of the halt, having already been subjected to the 
probably more severe pressure of the early advance. Although of the several causes suggested 

flowage of the underly- 

Level of_ depo sifs b rfbre compression ^^8 ^^^^^ SCOms best to 

^^^j^j^ ^^^ features ob- 




FiOUBB 20O —Diagram showing supposed Influence of Cretaceous masses In controlling the compression of 
the Pleistocene deposits under ice load, a, Herod gravel member of Manhasset formation; ft, Oardiners 
day; f, Mannetto and Jameoo gravels; d, Cretaceous. 



served, the writer is loth 
to advocate the theory 
of a transfer of mate- 
rial on the necessary 
scale. At the same 
time warping and com- 
pacting seem, with the evidence now at hand, even more improbable explanations. Perhaps 
the least objectionable view is that which ascribes the origm of the arches to a number of 
agencies supplementing one another, of which crustal warping, compacting of deposits by 
pressure, and flow of plastic materials under pressure are the most important. Whatever 
the cause may be that raised the arches, it appears to have been assisted by the drag and folding 
due to the overridmg ice. That the elevation of the anticlinoria has been considerably increased 
bv such folding can not be questioned. In a section on Gardiners Island (fig. 80, p. 100) meas- 
uring about 1 350 feet, bods of a length of 2,500 feet have been compressed, giving rise to an 
increased elevation which, before the subsequent erosion of the folds, must have amounted to 



PLEISTOCENE EPOCH. 205 

at least 100 feet. On Fishers Island (fig. 85; p. 102) the original elevation due to folding appears 
likewise to have been nearly double this amount, and on Marthas Vineyard the thickening is 
still greater. 

Minor warpings, — Under the head of minor warpings are included the undulations (many 
of them isoclinal); usually reaching only a few feet in height and a few hundred yards in length, 
which are seen in many bluff sections and which give rise to a large part of the variations in 
the level of the beds. In some places warping of this particular type is more apparent than 
real; being due to the truncation of the sharper folds of the class described below along lines 
more or less parallel with their axes. There are, nevertheless, many warpings that are not 
associated with such folds, and it is the origin of these that is considered here. 

Differential settling, which, as has been seen, is likely to take place in any thick formation, 
especially where there are, as in the Pleistocene deposits of the Long Island region, more or less 
minor variations in composition and texture, doubtless took place to a certain extent under the 
weight of the deposit itself, although the warpings so produced would be likely to be very slight. 
The principal readjustment, however, was probably due to the overriding ice sheet of the 
Montauk substage, which because of its great weight exerted a profound influence upon the 
overridden beds. Its action was especially pronounced in the later part of the invasion, when 
through differential erosion and deposition the surface had become more or less irregular and 
the weight of the ice was unequally applied at different points. Direct shove upon the irregu- 
larities of the surface under such conditions may have been an important factor in the produc- 
tion of the warpings. Ice pressure against the stiffer and more clayey beds at their outcrops 
may also have been transmitted beneath the overlying gravels, giving rise to warpings at some 
points of weakness. 

Open and closed folds. — ^Although differing in magnitude, the open and closed folds are of 
the same general origin and may best be considered together. They include everything from 
an undulation barely well enough defined to be recognizable as a fold to the closely compressed 
and overturned and recumbent folds. In altitude they vary from perhaps 5 feet to 150 feet 
or more and in breadth from a few feet to an eighth of a mile or more. Their axes are generally 
parallel with the trend of the antidinoria of the North and South flukes, of which they are a 
superficial feature, having a roughly east-west direction. Very few of the folds are symmetrical, 
almost all showing more gentle slopes on the north than on the south. Overturning, where 
present, is always toward the south. 

Orogenic movements were postulated by many of the early workers as the cause of folding 
on Long Island, but the evidences against such movements are very definite. Arthur Hollick 
some years ago pointed out the superficial character of the folding and the undisturbed condi- 
tion of the underlying beds. Very conclusive evidence was brought out by well records collected 
by A. C. Veatch during the present investigation, the logs showing the Oetaceous strata to dip 
uniformly at the rate of a few feet to the mile regardless of the disturbance of the superficial 
beds. Furthermore, the present field work brought to light many sections along the coast in 
which the folding could be seen dying out downward. (See figs. 98, p. llO, and 133, p. 130.) 

The slipping in mass of a bed or series of beds down a dip or structural slope may cause 
the compression of the lower part of the mass into folds which are called slip folds. The move- 
ment takes place along bedding planes, which may have been more or less tilted. The most 
favorable localities for slip folding are in basins toward the center of which the beds dip steeply, 
but it may occur also on any monoclinal slope. 

The origin of the Long Island folds and those of the New England islands farther east has 
sometimes been attributed to slip folding, the slipping movement being assumed to have pro- 
ceeded from north to south because the beds were overturned in that direction. One of the 
chief difficulties in the way of accepting such an origin is the absence of any slope adequate to 
cause the slipping of the beds. The present normal attitude of the Pleistocene beds is almost 
horizontal, and the dip of the Cretaceous appears to be only a few feet to the mile, or a small 
fraction of 1°, and it is not probable that the original dips were any steeper. 



206 QEOLOOY OF LONG ISLAND. 

Slip folding would seem to be more likely to characterize the clayey beds than the more 
sandy deposits. No such difference was observed, however, the clays being no more disturbed 
than the sands. In fact, the folding is in many places greater in the sandy material at the 
surface and much less in the underlying clays. 

Slip folding would necessarily be accompanied by the production of a slip or fault plane, 
which in the present instance would have to be several miles broad and more than 100 miles 
long. That no such slip plane is present on the greater part of Long Island is unmistakably 
shown by the bluff sections, which, though reaching in places below the level of folding, nowhere 
afford indications of any but local breaks due to slipping. On the contrary the upper folded beds 
with a few minor exceptions grade downward into the lower undisturbed beds without breaks 
of any sort, showing beyond question that the beds are in place and that the folding is only a 
supei^cial disturbance. Where the folding is more profound and extends below sea level it 
is more difficidt to prove the absence of the slip plane, although there is no evidence of its 
existence. 

Among the phenomena associated with the folding and affording a clue to its origin may be 
mentioned (1) its maximum development along the borders of depressions, such as Long Island 
Sound and the bays between the flukes farther east, or along northward-facing escarpments; 
(2) its minimum development over flat surfaces such as the upper part of the Herod gravel 
member of the Manhasset formation; (3) its usual development at the Montauk horizon and at 
that horizon only; (4) the superficial character of the disturbance; (5) the rapid disappearance 
of the folding below the Montauk; (6) the absence of disturbance above the Montauk (except 
locally at the base of the Wisconsin tiU) ; (7) the constant association with the Montauk tiU 
member; (8) the evidences of drag in the incorporation of the underlying gravels into the till; 
(9) looal evidences of the plowing of the underlying surfaces by bowlders; (10) the almost univer- 
se evidences of ice erosion at the Montauk horizon; (11) the massing of till against undisturbed 
beds; (12) the association of the folding with thrust faulting on planes at high angles; and (13) 
the overturning of the folds always toward the south. 

It is to be emphasized that the folding is everywhere associated with the Montauk ice 
invasion; that it is practically absent at other horizons; that it was most marked where 
elevations rose above the surrounding level so as to present bold faces to the advancing ice 
sheet; that it was associated with notable ice drag and erosion; and that the faulting and folding 
were always in the direction of the ice movement. 

Notwithstanding the general absence of folded beds beneath the glacial deposits of the 
country as a whole, the absence of any extended folding on Long Islapd by the Wisconsin ice, 
which reaches a thickness of more than 400 feet, and the general ease with which ice is known 
to override morainal and other unconsohdated deposits without material disturbance, there 
seems to be no question that it is to the ice sheet invading the region in Montauk time that the 
conspicuous folding is due. The theory accounts for aU the associated phenomena, makes 
use of an agency that is known to have been at hand, and leaves nothing but its unusual vigor 
imexplained. 

The cause of the unusual vigor of the ice in the Long Island region, as indicated by the 
extraordinary distiurbance of the beds over which it passed, presents an interesting problem, 
the key to which is probably to be found partly in the thickness of the ice sheet, partly in topo- 
graphic conditions, partly in the subaqueous nature of the deposition, and partly in the climatic 
conditions. The scarcity of folding in the glacial deposits of the American continent as a whole 
and its insignificant development as compared to that in the Long Island region are probably 
due largely to the general absence of scarps or other topographic forms adapted to receive the 
brunt of the attack of the advancing ice. In the Long Island region, on the contrary, the Mon- 
tauk ice found opposed to its advance the thick series of gravels (Herod gravel member) pre- 
viously deposited at its front. Against these it impinged with great force, bending, folding, 
shoving, and faulting them on a grand scale, the disturbance involving also the underlying 
clays, especially in the later stages of the advance, when considerable portions of the gravels 
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had been eroded. Similar conditions likewise prevailed in the region between the flukes and 
along the South Fluke. 

It is true that, notwithstanding the even more marked scarps opposed to the Wisconsin 
glacier, the folding it accomplished was much less than that due to the Montauk ice. Prob- 
ably the greater effectiveness of the Montauk ice was due largely to the greater thickness of 
the glacier and to the greater vigor of its movement. 

That the Montauk ice was thicker than the Wisconsin in the Long Island region seems to 
be indicated by the fact that it reached a more southerly limit, and that it was more vigorous 
is shown by the relatively great erosion that it accomplished as well as by the greater thickness 
of drift that it laid down, not only on Long Island but over a large section of the country. 
The fact that the beds over which the Montauk ice passed lay beneath the sea and were satu- 
rated with water, and hence possibly presented more favorable conditions for folding than the 
incoherent surface gravels over which the Wisconsin ice sheet moved may have had something 
to do with the more extensive folding by the older ice sheet. Again, the clay beds, which are 
most susceptible to folding, were more thinly covered in Montauk time than in Wisconsin 
time, and being thus much more accessible to the ice they consequently suffered greater dis- 
turbance. Still another factor favorable to greater erosion during the Montauk was the sub- 
mergence, which was enough to prevent the accimiulation of snow, though not enough to affect 
the erosion materially. The surface was therefore free from the mantle of snow or stagnant 
ice, which was present outside of the glacier in a part at least of Wisconsin time, and over which 
the glacier proper passed with little effect, as indicated by the Smithtown ^'driftless" area. 

PIRST RSCS88ION OF MONTAUK ICE. 

The fact that extensive deposition followed the active erosion of the first advance shows 
a decrease in the vigor of the invasion, doubtless due in part to the overloading of the ice by 
debris. There seems, however, to have been a decrease in ice movement, marked first by the 
several minor advances and retreats recorded in the alternating beds of till and grayel in the 
Montauk region, and finally by a more marked retreat during which the ice front was moved 
back at least as far as the north side of the Middle Island belt of the Manhasset formation 
(fig. 107, p. 120). It then rested about on a line reaching from the vicinity of Manorville along 
Peconic Kiver, through Riverhead, north of New Suffolk through Cutchogue, northwest of 
Great Hog Neck, and along the north side of Shelter Island. The North Fluke proper was 
probably still covered by ice, as there is no record in the shape of deposits to indicate that the 
ice retreated beyond its southern border. In western Long Island the ice front lay somewhere 
north of the southern coast. 

During the retreat of the ice there was more or less deposition by glacial streams, marked 
by the gravels f oimd here and there between the erosijn unconformities of the earlier and later 
Montauk ice invasions, but on the whole the deposition was on a very smaU scale until the ice 
came to a halt along the line just traced. On this line the margin probably remained sta- 
tionary or nearly so for a period during which considerable accumulations of gravel were laid 
down. The greater part of the gravel deposits of Robins Island, Nassau Point, Great Hog 
Neck, and Shelter Island were apparently accumulated at this time, probably as sand and 
gravel deltas at the mouths of glacial streams. From the outUne and topography of the various 
masses, due weight being allowed to subsequent wave erosion, it appears that the deposition took 
place not in an open body of water, but rather in irregular spaces among a number of detached 
residuary ice masses occupying the greater part of the interfluke area. It is not improbable 
that many small ice masses were buried beneath the gravel accumulations at this time and by 
their subsequent melting gave rise to some of the warpings now observed in the beds as weU 
as to many of the numerous kettles. 

As to the altitude of the land at this time very little is known. The heights of the deposits 
are not accordant and afford no indication of any common factor in the determination of their 
levels. Cuesta-hke surfaces such as characterize both the late Manhasset and the Wisconsiu 
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outwash depoidits are entirely absent, and traces of beaches, if any were ever formed, were 
removed by the later ice advances. The topography in a broad way resembles the kettle or 
broken plains of morainal aspect, such as are not uncommonly associated with subaerial outwash 
deposits laid down over and around ice blocks. 

READYANCE OP THE MONTAUK ICE. 

Evidence of the readvance is afforded by the strong scouring and folding of the beds laid 
down diuing the recession, which thus lie between two strong unconformities of ice erosion. 
The advance was least in western Long Island, where the ice appears to have reached little or 
not at all beyond the north coast, and was greatest in the vicinity of the South Fluke, where it 
extended beyond the south shore into the sea. It is to this readvance that the strong folding 
and faulting of the Middle Island Manhasset belt is referred. The advance was vigorous and 
the ice was even more active in erosion than during the earlier invasion, both scouring and 
folding occmring on a larger scale than at any previous time. 

EEKPSTEAD GLACIAL BtTBSTAOB. 

FINAL RETREAT OP THE MONTAUK ICE. 

The activity of the ice sheet on the second invasion seems to have terminated rather 
suddenly, the period of vigorous erosion giving place to one of extended aqueous deposition 
without the usual intervening period of till deposition, except in the Middle Island belt. To 
this period between the cessation of erosion and the beginning of the ice retreat is referred 

the formation of the older outwash deposits (Hempstead), 
which here and there project through the Wisconsin outwash 
on the south side of the island. 
'A Mile , After the retreat of the ice from the region of the South 

FiouB. aoi.-Proflie of Imperfect 40.foot termoe flukc no dcposjts of conscqucnce Were laid down until the 
east of Fort Pond, Montauk, as seen looking from icc reached a line closc to the uorth shore of the island. 

S^SifhSHTilte^.'"*''' "^^ Here the ice seems to have made a somewhat extended 

halt, and broad sloping outwash plains were laid down 
along its front. Traces of these old plains in the form of kettle valleys and other old 
drainage lines (many of them likewise partly filled with later drift) are foimd at many poiuts, 
as elsewhere described (p. 174), from Miller Place, near Port Jefferson, to Orient Point. 

Although these old gravel plains are everywhere obscured and many are completely buried 
by the later Wisconsin outwash, they appear to possess, in their upper parts at least, the typical 
fan shape and structure of subaerial deposits. Whether or not the lower parts were below 
sea level can not, owing to the general absence of beach lines or other marine phenomena, be 
determined with certainty, such features, if ever formed, now being hidden by the mantle of 
Wisconsin outwash. The terraces (fig. 501) at the 40-foot level on Montauk, which appear to 
have been formed soon after the completion of the Hempstead deposition, would appear, 
however, to point to a submergence at this time. 

VINEYARD INTERQLACIAL STAGE. 

EROSION. 

The deposition of the Manhasset formation (including the Herod gravel member, Montauk 
till member, and Hempstead gravel member) was followed by an interval of strong subaerial 
erosion, known as the Vineyard stage, during which the deposits were trenched from an elevation 
of 200 feet or more above to at least 150 feet below the present sea level, and extensive drainage 
systems with many branches and dendritic headwaters, such as the Nissequogue system near 
Smithtown, were developed. The erosion of this stage was at least 50 and probably 100 times 
greater than that which has been effected in post- Wisconsin time. In fact the two are com- 
parable in magnitude to a river valley and a small gully — the post- Wisconsin work consisting 
of hardly more than the formation of a few amphitheaters, a slight notching of the cliffs extend- 
ing back only a fraction of a mile, or an insignificant trenching of the old valleys. It is probable 
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that the Vineyard stage of erosion was of much longer duration than the post-Wisconsin, 
although from the fact that the land is known to have stood considerably higher in the earlier 
.period it is difficult to make accurate comparisons. The climatic conditions were probably 
not materially dijfferent, and even if they were more favorable to erosion in the earlier than 
in the later stage, the difference could not, with any reasonable assumption as to rainfall and 
absence of vegetation, have been very great. In fact, with porous materials such as the sands 
and gravels of Long Island, the amount of precipitation has relatively little effect on erosion, 
except close to the sea, unless it comes in the heavy downfalls of so-called cloud-bursts. 

In the later part of this period of erosion the land stood at least 150 feet higher than at 
present, as Indicated by the depth of the submarine channels off Montauk, and the depth of the 
Hudson submarine channel suggests that it probably stood considerably higher than that. On 
Montauk there are evidences of a 40-foot terrace, which if due to erosion would indicate a sub- 
mergence as well as an uplift during the Vineyard interval. In a view looking eastward from the 
hills on the west shore of Fort Pond Bay the terrace stands out distinctly, having the appearance 
shown in figure 201. It has a coating of Wisconsin drift, which would indicate that it was 
formed in the preceding or earlier stage of the Pleistocene. 

On the New Jersey coast and farther south there is a persistent marine or terrestrial terrace 
known as the Cape May, formed practically at sea level, and now standing at an altitude of 
40 feet or less, which has generaUy been regarded as of post- Wisconsin origin. This terrace 
is not developed on the Wisconsin outwash deposits in western Long Island, although on 
Raritan Bay, only 10 miles distant, where the supply of material was no greater and the exposure 
was much less, it has a typical development. These facts strongly suggest that the terrace, 
if formed on Long Island, antedates the Wisconsin outwash and lies buried beneath it. It is 
thought, therefore, that there was a rather widespread subsidence in the Long Island region, 
during which the land stood about 40 feet lower than at present. The date of this subsidence 
was probably the early part of the Vineyard interval, before the uplift which brought on the 
stream erosion. 

DSPOBXTIOS. 

Owing to the elevation of the Long Island region in the Vineyard intei^lacial stage, no 
general mantle of deposits could be formed over its surface. The conditions were, however, 
not unfavorable to the development of soils over the surface, of peat and marsh deposits along 
the streams, and of fossiliferous beach deports upon its borders. Such accumulations were, 
indeed, formed at many points and may still be recognized when penetrated by weUs. The 
maximum elevation, as shown by the submarine Hudson valley, appears to have been at least 
700 feet (see p. 63), but erosion had not attained any such depth on Long Island, most of the 
deposits of the Vineyard stage lying less than 100 feet below sea level. They would there- 
fore appear to mark tiie closing stages of the interval, when the subsidence had progressed nearly 
to the present point. 

WISCONSIN GLACIAL STAGE. 
FXB8T ADVAHOS 07 THS lOX. 

The only evidence as to the nature of the climate during the long period of Vineyard erosion 
is that afforded by the sheUs obtained from wells. These seem to indicate that it was no colder 
than during the Gardiners deposition, when, as has been seen (p. 198), the climate was not far 
different from the present climate of northern New England. Toward the close of the stage, 
however, the climate became colder, or at least more favorable for the collection and retention 
of snow, and the region eventually became covered with ice. 

Whether the ice invaded the region as an advancing glacier, like those pushing their way 
down the valleys in the Alps, or whether the region was first covered with snow which later 
thickened and changed to ice is not positively known. There are several indications pointing 
to the latter alternative. For instance, it seems impossible to account for the complete preser- 
vation of the drainage system west of Smithtown on the hjrpothesis of an advancing glacier 
plowing its way over the loose gravels, but the absence of erosion is easily accoimted for if it is 
assumed that the vaUeys were previously filled with snow or snow ice, over which the ice moved 

1629^—14 15 



210 



OEOLOOY OF LONG ISLAND. 



^-"'■--. 









without coming into direct contact with the surface itself. Again, the absence of till outside 
of the moraine in the Bridgehampton region is better accounted for on the theory that the masses 
giving rise to the kettles of the outwash plain at this point represented extramorainal accumu-' 
lations of snow rather than residual ice blocks from a true glacial advance. 

The climate along the borders of the glacier during the maximum known advance of the ice, 
when its front rested along the Une of the Ronkonkoma moraine, was probably very severe, at 
least in regard to the amount of precipitation as snow, being in all probabihty even more 
rigorous than in the region of the semicontinental ice sheet of Greenland at the present time. 
In the Greenland region the scattered valley glaciers are able to take care of the excess of accumu- 
lation of the central ice cap, whereas in 
the Wisconsin stage on the continent a 
continuous front of thousands of miles 
was necessary to accomplish the same 
result. 

Stratified glacial deposits are found 
up to an elevation of 410 feet; hence the 
ice must have risen to at least that height 
above the sea level. In a living glacier 
the ice in the immediate vicinity of its 
front is commonly at least twice as high 
as the moraine. If this relation held in Long Island, the ice may have reached a height of 1,000 
feet along the margin. Notwithstanding its considerable thickness, which could hardly be assumed 
as less than 500 feet, the Wisconsin ice sheet was not vigorous in its erosion, indicating either 
an overloaded condition or a very slow movement. Inasmuch as there is no evidence of any 
considerable amount of englacial material, it is probable that the sluggishness of movement 
accounts for the insignificance of its erosion and explains the relative scarcity of Wisconsin till. 
The deficiency of vigor compared to that of the Montauk ice is well brought out by the 
smaller scale of the folding. In many places the Wisconsin ice overrode the Manhasset forma- 
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FioiTBE 202.— Section at top of blufh between WoodhuU and Rocky Point landings, 
showing folding produoed by the Wisconsin ice sheet. The figure iUustretes the 
breaking up of the folds where in contact with the ice at the top and their disap- 
pearance at lower levels. 
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FioxTBB 203. — Sketch map showing relative positions of ice daring the Ronkonkoma and Harbor Hill substages of the Wisooosin stage. 

tion without producing the slightest recognizable disturbance; elsewhere the folding was limited 
to a disturbance of the beds within a foot or two of thasurface (fig. 202). Here and there, how- 
ever, the disturbance was somewhat more- extensive, reaching some distance below the surface, 
as shown in Plate XIX, A (p. 1 14). Nowhere were such profound folds observed as the larger of 
those produced by the older invasion, although there are indications that in many places where 
bluffs and other steep slopes opposed the ice movement the folding was considerable. 

There was, however, more or less material, both beneath and within the glacier, that was 
either set free, directly from the ice upon its melting or indirectly deposited by minor rivulets 
issuing from the margin and building up the great Ronkonkoma moraine (fig. 203) and 
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the more or less detached gravel fans, which became joined into the nearly continuous plain of 
outwash from ice along the Ronkonkoma moraine. The sandy or pebbly loam present locally 
on the outwash presumably represents a ^'finishing deposit '' laid down in the closing stages of 
deposition. Definite channels, representing the lines ot outflow of the water just before the 
supply was cut off by the final retreat of the ice, lead from the moraine to the shore. 

Estimates as to the duration of the ice invasion can not be made with accuracy in the 
absence of any definite criteria upon which to base calculations. According to F. J. H. Merrill, 
however, bowlders from as remote a source as the Adirondacks have been recognized in the 
moraines, and a journey of 200 miles is not improbable for many of the erratics. The rate of 
movement of a continental glacier is not known, but it must be many times slower than that of 
glaciers of the Alpine type, for these are fed by collecting areas several times as lai^e as the 
distributing glaciers ; whereas in continental ice sheets the opposite is true, the area of the 
sheet subjected to melting being larger than the area of collection. Probably the movement 
was not more than a few feet a year. Even at the rate of 100 feet a year, which is more than 
many valley glaciers average, it would take over 10,000 years to bring a single bowlder from the 
Adirondacks to Long Island. It is not unlikely that the duration even of the Ronkonkoma 
substage was several times as great. 

FXB8T RXOS88IOS OF THE lOB. 

The upbuilding of the Ronkonkoma moraine and the related outwash plain continued as 
long as the ice front remained stationary; or, in other words, as long as the melting of the ice 
margin was just coimterbalanced by the advance of the glacier. This period was succeeded by 
one of the greater general warmth or lessened precipitation, which caused a retreat of the ice 
front from its position along the moraine throughout the region east of Lake Success, south 
of Manhasset Bay. The retreat began at the east end of the island and was taken up progres- 
sively westward. West of Lake Success the morainal deposits of the succeeding substage lie 
south of those of the Ronkonkoma substage, and it is doubtful if any retreat of the ice occurred 
in this region. If there was any it was more than counterbalanced by the later advance. It is 
likewise unknown whether in the region east of Lake Success the ice retreated any considerable 
distance to the north and then readvanced to the Une of the moraine, or whether it halted on 
reaching the line now marked by the Harbor HiU moraine. The presence of kettles in the 
subsequent outwash from ice along the Harbor HiU moraine indicates, however, that the 
upbuilding of the late moraine followed very quickly after the recession of the ice and before the 
residual blocks had had time to melt. The retreat does not appeac to Have been imif orm and 
continuous, but was rather marked by temporary halts, dining which accumulations of consid- 
erable importance were laid down in the intermorainic area. 

BZADVAirCE OF THE OLACIEB. 

After the influence causing recession became exhausted the ice took on new activity, 
advancing with a regular front to the line now marked by the Harbor Hill moraine (fig. 203), 
and bringing on a new period of moraine and outwash accumulation. The conditions prevailing, 
however, differed somewhat from those of the earlier stage. A larger proportion of till was 
brought to the moraine, but the supply of sand and gravel, as indicated both by the smaller 
extent of the outwash deposits and by the smaller quantity of material in the moraine, was 
considerably less. In fact, the pronounced channels leading southward from the moraine of this 
stage show that the glacial waters, instead of being overloaded with gravel and sand, often pos- 
sessed relatively little such material, and their work at such times became erosion rather than 
deposition. What deposition there was followed very quickly upon the retreat, for the nimierous 
kettles of the outwash plains indicate the existence of residual ice blocks at many points. 

As to the duration of the second stage of activity Httle definite evidence is at hand. The 
large quantity of till and bowlders suggests a prolonged ice movement, but the small quantity of 
outwash suggests the reverse. There is no basis for concluding that it differed greatly in length 
from the first advance. 
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mrAL BBTBEAT OF THB ZOS. 

The final retreat of the ice seems to have been rather abrupt and to have taken place 
without notable halt in the Long Island region, as is testified by the general absence of retreatal 
deposits. It is probable that as the climatic conditions ameliorated, the activity of the ice 
movement gradually lessened and finally ceased, and the margin of the ice sheet became broken 
up into detached masses as the ice melted. The masses occupying thfi valleys doubtless per- 
sisted longest, especially where covered with retreatal outwash and other debris. Under such 
conditions buried masses may have lingered for hundreds of years, possibly even after the 
region had become clothed with forests, as at the Malaspina Glacier in Alaska to-day. The 
porosity of the deposits and the free circulation of the groimd waters would tend, however, 
to hasten the melting of such blocks. 

In' the earlier stages of the recession numerous lakelets probably existed between the ice 
front and the highlands of the north side of the island, but in general they seeni to have been of 
short duration. No beach lines and only very small deposits have been recognized, the Port 
Washington delta and the outwash on Lloyd Neck being the only marked exceptions. 

RECENT EPOCH, ' 
WORK OF WIND AND WATER. 

The final retreat of the Wisconsin ice sheet left the island standing a few feet higher than 
at the present time and probably nearly or quite destitute of vegetation, so that wind, streams, 
and waves were free to begin their work of reshaping the island. The work of the wind did not 
continue long, for except in the region south of Port Jefferson and along the coasts there is 
little evidence of dune formation, notwithstanding the favorable character of the materials, 
and none whatever of pebble faceting such as is found in parts of the Manhasset formation. 
It is probable that the small amoimt of wind work over the island as a whole is due to the fact 
that vegetation almost immediately covered the surface. Dimes have, however, continued to 
form on the coast to the present day, constituting high belts aU along the south shore and 
capping the bluffs of the north shore at many points east of Port Jefferson. 

Upon the retreat of the ice, waves and ocean currents began to sculpture the shore and to 
form numerous spits, bars, and connecting beaches. The result has been a straightening of the 
coast line by the formation of the great barrier beach on the south side and the truncation 
of the projections of the north shore. In fact, where the highlands come to the shore there is 
scarcely a point that is not marked by sea cUffs, most of them free from vegetation and not a 
few still undergoing active erosion. 

Details of the work of the various agencies acting in post-Wisconsin times are given in the 
discussion of Recent deposits (p. 176). 

SUBSIDENCE OF THE LAND. 
EVIDBVOS. 

Submerged tree stumps and beds of peat on Long Island have been described by many 
writers. W. W. Mather,* in 1843, reported stimips and logs beneath the water near Peacock 
Point, between Oyster Bay and Hempstead Harbor. In 1857 George H. Cook* mentioned 
buried timber in the towns of Hempstead, Babylon, and IsUp. At Hempstead an island 
covered with trees within the memory of Cook's informant was a salt marsh at the time he wrote, 
the highest part of the former island being lower than the meadow then existing. Elias 
Lewis, jr.,' in 1869 recorded a series of observations indicating that large areas which formerly 
had been swamp and woodland were then below the water level. Remains of fresh-water 

1 Geology of New York, pt. 1, 1843, p. 21. 

I On a subsidence of the land on the seaooast of New Jersey and Long Island: Am. Jour. Sci., 3d ser., vol 24, 1857, pp. 341-355. 

s Evidences of coast depression along the shores of Long Island: Am. Naturalist, vol. 2, 1869, pp. 334-336. 
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vegetation were abundant 4 to 91 feet below the surfaces of the marshes on this south side of the 
island (then about at sea level). Lewis described roots in place 10 feet below sea level. Near 
Fort Hamilton the tide overflowed marshes with trees still standing, and stumps were seen far 
out. It is said that 100 years earlier stumps abounded in Great South Bay, especially east of 
Islip. A line of fence posts put in a hundred years before were found in place beneath the 
sand at extremely low tide. Submerged meadows were seen at several places on the north 
shore, one a few miles east of Port Jefferson extending half a mile from the shore and to a depth 
of 16 feet in a compact mass. In a later paper ^ Lewis presents a nimiber of additional observa- 
tions. At Islip many stumps, the remainder of a forest still growing on the shore, were standing 
on meadows of William Nicol. The absence of kitchen middens is accoimted for by the rela- 
tively recent submergence of the former marshes of Great South Bay. A large number of sub- 
merged pine stmnps were seen in a bay a few miles east of Islip. Many stumps stood about 
the head of Great Peconic Bay and off the marsh north of the lighthouse at Montauk Point. 
Lewis also mentions many instances of Ugnite being brought up in wells, but these beds are now 
known to be pre-Wisconsin and hence do not bear on the question of recent subsidence. More 
recently Veatch has reported marsh muck to a depth of 23 feet at Fort Lafayette, peat at 25 
feet at the Brooklyn Navy Yard, and tree trunks from the surface to a depth of 9 feet near 
Patchogue. 

In addition to the evidence mentioned in the foregoing paragraphs most of the earlier 
writers cited the occurrence of oyster and other shells at considerable depths in wells. It is 
now known, however, that most if not all of these were from the Gardiners clay, the Jacob sand, 
or the Vineyard formation, and not being of postglacial origin they afford no evidence of recent 
subsidence. The same is true of the wood reported at considerable depths, this being found in 
the Vineyard formation, the Gardiners clay, and the Cretaceous beds, as well as in the Recent 
deposits. 

Phenomena of the natiu*e cited have been generally accepted as evidence of recent sub- 
sidence, but recently there has been a tendency on the part of some geologists to question such 
an interpretation. A number of occiurences noted in connection with the present field work 
threw doubt on certain of the supposed evidences and emphasized the necessity of caution in 
using submerged vegetable accumulations as criteria of subsidence. 

Thus, in the vicinity of Luce Landing, north of Riverhead, the peat, with its included tree 
stumps, appears to have been largely let down to its present position on the beach below high- 
tide level by undermining. Near Prospect Point, north of Port Washington, the process of 
undermining could be seen in actual operation, the layers of peat projecting through the sand 
being bent and cracked as they are let down (PL XXVI, -4, p. 182), although sufficiently con- 
nected to form a more or less continuous sheet at a level below their original position. In 
both places the beds have been exposed by the encroachment of the sea on marsh and swamp 
deposits behind barrier beaches. 

In addition to the evidences cited there are important botanical indications of subsidence 
in comparatively recent time. These are afforded by the ranges of the common salt-marsh 
plants, which, according to C. A. Davis, are as foUows: 

Range of common salt^moTBh plants. 



Species. 



Junctu gerardi Loiaal (black grass) 

**Spartina patens association" (salt-marsh grass): Spartina paUtu (Ail.) 

Muhl. and Distichlis spicata (L.) Greene. 
Spartina glabra Muhl. (salt thatch) 

Zottera marina L. (eel grass) 



Range. 



Between level of ordinary tide and 

upper limit of spring tides. 
Extends 9 to 12 inches above and below 

mean high tide. 
Between mean high tide and half tide, 

or mean sea level. 
Below low-tide limit 



Time covered by sea. 



Covered by spring tides about 

twice a month. 
Covered about 1 hour each 

tide. 
(Covered about half of time. 

Permanently covered. 



> Ups and downs of the Long Island coast: Pop. Sci. Monthly, vol. 10, 1877, pp. 434-446. 
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Mr. Davis, who made a special study of the peats of the island for the Geological Survey 
in 1911, making a large number of borings and taking samples at short intervals from the 
surface to a depth of 10 feet, is also the authority for most of the following descriptions. 

At the salt marsh west of the head of Moimt Sinai Harbor, about IJ miles northeast of 
Port Jefferson, borings showed the ^^Spartina patens association/' which is characteristic of 
the zone at high-tide level, to extend from the present surface to the underlving gravel at a 
depth of 5 ^eet, apparently indicating long-continued subsidence, with an upbuilding of peat 
at a corresponding rate. 

A 9-foot test hole in a salt marsh 1 J miles east of Riverhoad showed a semifluid fresh- water 
peat for the entire depth below the tlxin surface mat of salt-water plants, indicating that the 
marsh has been covered by the tides only at a very recent date. 

At the Mill Creek marsh, 5 miles east of Riverhead, the boggy wooded swamps above 
tide level give place downstream to a brush-covered area containing tree remains, followed by 
an open fresh marsh with scattered stumps and shrubs, and this in turn by a marsh with the 
*'8partina patens association,'' overlying nearly 9 feet of fresh-water peat with abundant stumps 
and roots, principally about 5 feet below the surface The incursion of the sea, as at the locahty 
described above, is evidently very recent. The salt marsh along the east tributary of the main 
creek contains many stumps and logs at and below the siuf ace and was clearly a forested 
swamp, also only recently invaded by the sea. 

At the end of Pino Point, east of the marsh last described, pine roots show in the beach to 
or below low-tide level. A cliff about 2^ feet high, cut in the peat by the waves on the west 
side of the point, showed a gradation from a blackened sand soil at the base to Spartina patens 
turf at the top. 

Another marsh a few miles east of Riverhead showed 8 feet of Spartina patens peat overlying 
a foot or more of brackish-water peat. Near the boat landing east of Meeting House Creek, 
2i miles east of Riverhead, 3^ feet of Spartina patens peat was foimd above a blackened sandy 
gravel soil bed. 

Swan River Marsh, near East Patchogue, has the appearance of occupying a drowned 
valley. Toward the sea a wooded swamp gives way first to shrubs, next to fresh marsh, then 
to brackish marsh, and finally to salt marsh of the *' Spartina parens association." Partly or 
completely buried stumps abound below the salt tiuf , here about a foot thick. An essentially 
similar sequence was noted along Mud Creek in the same locaUty. 

The conditions along the north shore are less favorable for study, but examples of submei^ed 
peats and of progressive subsidence doubtless occur at a number of points. Near Lloyd Point, 
on IJoyd Neck, Huntington, the following succession was noted by the present writer at a point 
where the marsh laps up on the gently sloping surface of the upland: (1) Brush-covered upland; 

(2) marguial upland zone where bushes that had been recently killed by salt water reaching 
tlie roots through tho porous sands still remained practically intact, even to the smaller twigs; 

(3) border of marsh with nearly intact bushes projecting through several inches of peat; (4) 
belt located a few feet outward from edge of marsh with only trunks of shrubs remaining; (5) a 
zone several rt)ds from the edge with only low stumps visible; and (6) an outer area showing 
only the salt-marsh turf. 

The occurrences noted appear to be too widely distributed and too variable in surroundings 
to admit of explanation by any otlier than a single general cause, seemingly a slow, long-con- 
tinued, and apparently fairly uniform subsidence of the land with reference to sea level. 

All authorities are probably agreed that such a subsidence has occurred in comparatively 
recent time, but there is a radical difference of opinion as to whether the sinking has continued 
down to the present day and is now going on. 

Tiie peat sections, as developed by borings made by Mr. Davis, showTio variation in char- 
acti'r that would indicate a halt in accumulation at the present time, and his observations on 
the rate of accumulation of Spartina patens peat near Lynn, Mass., based on cinders incorporated 
in the material since the building of the railroad more than 50 years ago (6 to 8 inches in a cen- 
tury), would seem to indicate that if there had been any halt in a movement of corresponding 
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rapidity the upper limit of salt-marsh growth would soon be reached and it would be replaced 
by fresh-water turf. This is manifestly not the case. 

On the other hand, it has been urged by D. W. Johnson that the belts of beach ridges of 
essentially the same height, formed progressively one after another at a number of points along 
the Atlantic shores, are evidences of present stability of the coast line. Johnson ako considers 
that dead trees in conspicuous numbers, which he believes would inevitably be of general dis- 
tribution under the hypothesis of present subsidence, are really of local occurrence and are 
rarely found except where a breach has been made through some protecting barrier, or where 
physiographic factors have produced changes in tidal levels. 

COHCLT78IOHB. 

The fact seems to be established that a subsidence of many feet has taken place since the 
retreat of the latest or Wisconsin ice sheet, and that salt water now invades scores of marshes 
in which trees grew so recently that the stumps still project above the surface. 

It is perfectly plausible to attribute, as Johnson has done, the invasion in individual places 
to variations in size, shape, or location of the openings through which the tidal waters obtain 
access to the marshes, or to changes in the character or position of the beach ridges or other 
protecting barriers themselves. Such changes would be expected, however, to favor the 
exclusion of salt water quite as frequently as they would its admission, and fresh-water peat 
should be found overlying salt-water peat as commonly as salt-water peat overlying fresh- 
water peat. Although the former succession may exist, the thousands of borings made by Mr. 
Davis show, except where the sea has been shut off by dikes or otherwise excluded, a practically 
entire absence of such succession, the nearly universal order being salt-water forms above 
fresh-water forms. According to Mr. Davis, in some of the places where there has been a recent 
incursion of salt water, as in certain of the inlets near Portsmouth, N. H., there are no evidenced 
of either present or past barriers that could have influenced tidal levels. The writer also has 
noted a number of localities where there seems to be no probability of former barriers. 

The apparent changes in the level of bench marks at several points along the coast appear 
to be inconclusive, as radical changes in tidal levels are likely to result from artificial causes, 
such as the building of docks or the dredging of channels, but the fact that these changes always 
point in the same direction, namely toward subsidence, seems to indicate that they should be 
given considerable weight. 

Although there are no broad or extended belts of dead trees, except where changes of tidal 
levels of considerable magnitude have occurred suddenly through the breaking of barriers or 
changes in inlets, Mr. Davis states that dead trees are not only generally distributed along the 
whole coast but are fully as numerous as the conditions of subsidence would suggest. 

The action of salt water upon vegetation is in a high degree selective, and while prolonged 
or repeated submergence would produce a general belt of dead vegetation, the incursion of 
single high tides, which, especially during periods of subsidence, always advance well beyond the 
normal tidal limits, would kill only the weaker species. More resistant species would survive 
but might appear sickly or partly dead. Still others might survive for many years. As oaks 
and other hard-wood stimips last an average of only 15 or 20 years, they may entirely disappear, 
while trees or shrubs not vitally injured by the tides that killed the oaks are still living. 

This transitional or sickly belt is not conspicuous, but may usually be recognized without 
difficidty by careful observers. From what the writer has seen he believes the condition to be 
general in New England and on Liong Island. It points strongly toward a present downward 
movement of the crust. It can hardly be otherwise if the limitations of the vertical range of 
salt-marsh flora are as stated by Mr. Davis. 

The chief evidence against present subsidence is that afforded by the parallel beach ridges 
described by D. W. Johnson. At Cape Canaveral, Florida, for example, there is a broad belt, 
half a mile or more in width, of low parallel sand ridges having the appearance of beaches formed 
one after another and all of essentially the same height. These ridges are certainly very sug- 
gestive of stability of elevation with reference to sea level. Farther north, although similar 
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ridges exist, the width of the belts and the number of ridges is less and their evidence is more 
open to question. It seems to the writer that so many factors of uncertain value enter into the 
computation of the time required to form such beaches as that at Nantasket, Mass., even on the 
assumption that there has been no material change of level during the period of their formation, 
as to outweigh the mass of evidence favoring continued subsidence. 

On the whole, the view that the subsidence has continued down to the present time and is 
now going on is regarded by the present writer as the most probable. The rate suggested by 
Mr. Davis is perhaps higher than would be expected, but recent additional unpublished data 
collected by him seem to bear out the assumption of a rapid crustal movement. 

The subsidence in the Long Island region since the retreat of the Wisconsin ice sheet is 
apparently not more than 25 feet, which at an average rate of 6 inches a century would require 
a period of 5,000 years. That the movement has been much more gradual in the past is pos- 
sible, but the uniformity of material to the depth reached by borings (10 feet) seems to indicate 
that it has been uninterrupted for a considerable period of time. Earlier interruptions or 
reversed movements are entirely possible, but the evidences of them, if any exist, are pre- 
sumably now some distance below sea level. 

LENGTHS OF PLEISTOCENE AND RECENT STAGES AND SUBSTAGES. 

The lengths of the several Pleistocene stages and substages are very difficult to determine 
because of the lack of knowledge of the many local conditions that always enter into problems 
of erosion and deposition. This difficulty is greatest in comparing stages of acciunulations with 
those of degradation. It is possible, however, to recognize a progressive change in length from 
the earlier to the later stages, estimates of which are given in the following table, in which the 
unit A is taken as the length of the Recent epoch and B as the length of the Wisconsin stage of 
glaciation. The estimates are, of course, only approximate, especially as to the length of the 
stages or substages compared with the time units, but in general the relations are probably not 
far wrong. For example, it is almost certain that the Vineyard erosion interval was at least 
five times as long as the Recent epoch, that the period represented by the Gardiners and 
Jacob stages, as indicated by erosion in New Jersey, was even longer than that of the Vineyard 
degradation, and that the post-Mannetto stage was to all appearances longer than all subse- 
quent Pleistocene time. The comparisons of the glacial stages are less reliable, but it is certain 
tiiat there has been a variation similar to that indicated in the table. 
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Relative lengths of Pleistocene stages and substages on Long Island, 



Epoch. 


Stage. 


Substage. 


Nature. 


Chief work. 


Remarks. 


Estimated 
length as 
compared 
to Recent 

or to 
Wisconsin. 


Recent. 




Postglacial. 


Insignificant erosion and depo- 
sition. 




A. 


m 


Wtoconain. < 


Glacial. 


Deposition of 5 to 20 feet of till, 
thick out wash, and high mo- 
raine. 


Short period as compared to 
preceding glacial stage. 


B. 




Vineyard. 




Interglacial. 


Extensive erosion of older drift. 


Erosion many times greater 
than Recent time. 


5XA. 




Manhaaeet. 


Hempstead. 


Glacial. 


Accumulation of 25 to 100 feet of 
gravel. 


Thickness of deposits points 
to great length as com- 
pared to the Wisconsin 
stage. 






Montauk. 


Glacial. 


Accumulation of 50 feet of tUl. 


5XB. 




Herod. 


Glacial. 


Accumulation of 100 feet or more 
of gravel. 




Pleistocene. 


Jacob. 




Transitional. 


Accumulation of 25 feet of clayey 
sand. 


Thickness of clay and ex- 
tensive erosion in New 
Jersey show that these 


tnv^ A 




Qardlners. 




Interglacial. 


Accumulation of 50 to 100 feet of 
clay. 


stages represent an exceed- i *"'^'** 
ingly long interval . > 

1 




Jameoo. 




Glacial. 


Accumulation of Jameoo gravel. 


Exposures of contemporane- 
ous deposits in New Jer- 
sey (Pensauken forma- 
tion) show this to have 
been the most important 
period of deposition next 
to the Mannetto stage. 


lOXB. 




Poet-Mannetto. 




Interglacial. 


Reduction and nearly complete 
removal of Mannetto gravel. 


Longest interglacial stage. 


20XA. 




Mannetto. 




Glacial. 


'^^?Sl!***°'' ""^ ^ '*** ""^ Longwt glacial stage. 


20XB. 



SUMMARY OF PLEISTOCENE AND RECENT OROCENIC MOVEMENTS. 

In the earlier stages of the present investigation it was assumed that the principal Pleistocene 
deposits were of the nature of coastal-plain formation and that their upper surfaces indicated 
approximately the position of the sea level at the time of their formation. On these assumptions 
a depression of 300 feet was postulated as taking place during the deposition of the Mannetto 
gravel and 200 to 250 feet by the completion of the Manhasset accumulation. Further study, 
however, has shown that the Manhasset and, to a lesser extent, the Mannetto exhibit many 
features analogous to those of the Wisconsin outwash plains developed on the south side of the 
island, and it is now thought that they are in large measure of similar origin. It has been 
necessary, therefore, to turn to the adjacent coast of New Jersey for evidence as to submergence. 
Similarly it was ascertained in the course of the investigation that the data aflforded by the 
erosion valleys were insufficient to determine the amount of uplift, and recourse to the sub- 
marine Hudson Valley was necessary. The movements are shown graphically in figure 204 
(p. 218). 

Mannetto depression, — As pointed out above, it is not improbable that the Mannetto gravel 
of Long Island is in part of the nature of an outwash plain and was formed above sea level. 
For this reason it is impossible to determine its position with reference to sea level from the 
elevation of its remnants on the island. The Bridgeton formation, however, which seems to be 
the New Jersey representative of the Mannetto, was not developed in the vicinity of the ice 
sheet but rather as a coastal-plain formation. Considerable areas of it face the open sea, and 
whether due to the action of the waves or to drainage at low gradient, their development could 
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have taken place only near sea level. In no other way (in the absence of barriers) could the 
slack drainage necessary for the development of the flat terraces, under the hypothesis of depo- 
sition by streams of low gradient, be maintained. The present elevation of the Bridgeton 
formation on the New. Jersey coast ranges from about 100 feet in the southern part to 200 feet 
in the central part, and indicates a submergence increasing from about 100 feet in southern 
New Jersey to 200 feet or more farther north. A continuation with the same grade would give 
a depression of 200 to 250 feet in the Long Island r^on at the time of the Mannetto deposition. 
Figure 204 gives 200 feet, the greatest depression actually known. 

Post- Mannetto uplift. — ^As brought out in the discussion of the submarine Hudson chan- 
nels, the deposition of the Mannetto gravel was followed by a long period of erosion, during 
which the rock gorge of the Hudson was probably cut to a depth of 700 feet. After the excava- 
tion of this gorge and its seaward prolongation, which probably occupied by far the greater 
part of the post-Mannetto interglacial stage, there was, if the submarine canyon is to be referred 
to stream erosion, an uplift of the land far surpassing in magnitude any known Pleistocene 
movement in the region before or since. The surface, to judge from the depth of the canyon, 
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must have stood 4,800 feet or more higher than at present. Although there is considerable 
doubt that an uplift of this magnitude really took place, its occurrence is tentatively accepted 
as best explaining the character and form of the canyon as described on page 61. 

Jameco depression. — ^The Jameco gravel probably does not lie at the surface anywhere on 
Long Island, hence evidences of its origin that might be afforded by its structure are lacking. 
Moreover, as it is a glacial or glaciofluviatile formation, its position below sea level is of no 
significance. The only evidence, therefore, as to the elevation of the land in Jameco time is 
that afforded by its probable New Jersey equivalent, the Pensauken formation. The great 
body of the Pensauken formation was deposited in a trough, 10 to 15 miles wide, crossing the 
State from the vicinity of Raritan Bay to Trenton and thence extending down Delaware River. 
This accumulation seems to have been the result of deposition by streams of low gradient in a 
more or less closed basin, hence its elevation of 150 feet between Trenton and Raritan Bay is 
not necessarily an indication of submergence to that depth. Pensauken remnants are, however, 
found at similar elevations on the open coast, as northeast of Manchester and northwest of 
Asbury Park, hence there is every reason to believe that there was actually a submergence to 
a depth of about 150 feet. The fact that the submergence increased from 90 feet in south 
New Jersey to 150 feet in north New Jersey suggests that it may have been somewhat greater 
than 150 feet on Long Island. 
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Gardiners uplift. — ^The marsh deposits found at several horizons in the Gardiners clay 
show that this formation at times reached sea level, indicating an uplift of at least 200 feet 
after the Jameco deposition, as the contemporaneous Pensauken formation of New Jersey is 
now 150 feet above sea level, whereas the Gardiners clay is commonly 50 feet or more below 
sea level. 

Jacob depression. — ^The Jacob sand is free from marsh deposits, but carries an extensive 
shallow-water fauna, indicating a depth of water not much greater than during the Gardiners 
deposition. It is probable that the depression was not more than 25 feet. 

Herod and Montauk depression. — ^The subsidence, which during the Gardiners and Jacob 
stages about kept pace with accumulation, seems to have continued through the Herod sub- 
stage of the Manhasset, so that on the advance of the Montauk ice the water stood 75 to 100 feet 
above the present sea level, as shown by the character of the Montauk till member (p. 200). 
The depression did not, however, keep pace with accumulation at all times, as is shown by the 
wind-faceted pebbles in parts of the Manhasset formation. 

Hempstead uplift. — ^After the deposition of the Montauk till member of the Manhasset 
formation there seems to have been an uplift of 100 feet or more, as the later Hempstead gravel 
member of the Manhasset has the form of a normal outwash plain with contemporaneous 
drainage channels cut to the present sea level or below. A possible halt at about halfway up 
is suggested by the 40-foot terraces on the Montauk peninsula. 

Vineyard uplift. — ^The valleys in the Manhasset formation were cut to a depth somewhat 
below the present sea level, hence a considerable uplift must have followed the previous period 
of deposition, but because of the modifications by the Wisconsin ice sheet and of more or less 
Wisconsin deposition it is impossible to determine with any degree of accuracy the actual 
amount of uplift, and it is necessary to turn again to the submarine valley of the Hudson for 
a definite measurement. As shown elsewhere (p. 64), the upper channel appears to have been 
cut in post-Manhasset time, and as it reaches a depth of 350 feet at its outer edge, an uplift of 
this amount seems to be established. 

Wiscon^n depression. — There appears to have been in Wisconsin time a depression which 
brought the land to a level about 20 feet lower than at present, as shown in New Jersey by the 
lower mai'ine or low-gradient stream terrace of the Cape May formation, as developed along the 
New Jersey coast from Cape May to Raritan Bay. This depression is not recorded on Long 
Island, hence it is thought to antedate the completion of the outwash deposits. 

Recent movcTnents. — ^Af ter the disappearance of the Wisconsin ice the land seems to have 
stood somewhat higher than at present, as indicated by the buried and submerged peats along 
the coast, the difference in level being perhaps 25 feet. This would indicate the elevation of 
45 feet in late Wisconsin or post- Wisconsin time. In recent years there has been depression 
estimated at the rate of 6 inches to 2 feet in 100 years. A sinking of not more than 25 feet 
apparently has occurred since the beginning of this movement. 

CORRELATIONS OF THE LONG ISLAND PLEISTOCENE FORMATIONS, 
PBOBABUB EXTENSION OF THE POBJCATIONS ALONG THE NEW ENGLAND COAST. 

MANNETTO GRAVEL. 

The Mannetto gravel, which on Long Island is the oldest of the Pleistocene deposits, was 
originally the thickest glacial deposit on the island, but its deposition was followed by an 
erosion stage of such length that the formation was reduced in western Long Island to a few 
renmants, and in the eastern part it was nearly or entirely swept away. This formation, owing 
to either its slighter development or the greater erosion, was likewise largely removed from 
the coastal region of New England, if it existed there, so that the Cretaceous, where seen, is 
almost invariably overlain directly by deposits correlated with the Jameco gravel rather than 
by those of Mannetto age. This is notably true of the Cretaceous beds of Block Island and 
Marthas Vineyard, but in an exposure near Scituate, Mass., remnants of gravels which closely 
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resemble the Maimetto have been seen, strongly suggesting that the formation originally 
extended at least to this point. Beyond this locality, however, the ice seems to have reached 
the coast, and the Mannetto materials, if any were deposited, were probably laid down in the 
region now covered by the sea. 

JAMEGO GRAVEL. 

The Jameco gravel seems to be much more persistent in its present occurrence than the 
Mannetto. A gravel at the same horizon as the Jameco is, in fact, well developed beneath Cape 
Cod to Highland Light, Truro, and possibly locally along the west shore of Cape Cod Bay to 
the vicinity of Plymouth, its absence farther north being due to actual occupation of the region 
by ice. On Block Island the Jameco gravel appears to be represented by sands and fine gravels 
with granitic pebbles, having an aggregate thickness of 30 feet or more, occurring between the 
Cretaceous and the clay which is correlated with the Gardiners clay near Clay Head and Balls 
Point and beneath the dark-gray to black clay correlated with the Gardiners at several points 
west of Southeast Light. On Marthas Vineyard similar gravels having a thickness of at least 
50 feet are seen beneath the great bed of dark-colored clay correlated with the Gardiners clay 
at the Nashaquitsa Cliffs. On Cape Cod similar gravels occur near Highland Light, with a 
thickness of 30 to 60 feet, below clays which occupy the position and are of the type of the 
Gardiners clay. On the main coast similar gravels are seen beneath clay at Indian Head, 8 
miles southeast of Plymouth. 

GARDINERS CLAY. 

The Gardiners clay likewise appears to be a very persistent formation, a clay of the normal 
Gardiners type and position being found at short intervals all the way from New York Bay 
to Boston Harbor. Besides the development of the Gardiners clay on Long and Fishers islands, 
as described in this paper, a similar clay is found on Block Island, notably in the vicinity of 
Clay Head and Balls Point, near Black Rock Point, and locally west of Southeast Light. On 
the Rhode Island coast a clay of this type and horizon is seen^in places between Watch Hill 
and Point Judith. A similar clay appears on the Elizabeth Islands of Massachusetts ; on Marthas 
Vineyard it is strongly developed at the Nashaquitsa Cliffs, and on the Massachusetts main- 
land thick beds are found at Highland Light on Cape Cod; at many points on the coast between 
Orleans and Chatham; at Indian Head, southeast of Plymouth; at Third Cliff, Scituate; and 
beneath the drumlins in Boston Harbor. It reaches a maximum thickness of about 100 feet. 
Boston Harbor appears to mark the northern limit of the clay, although a stratigraphically 
higher clay with a different faima extends north along the Maine coast and beyond. It is not 
known whether the absence of the clay north of Boston is due to nondeposition or to erosion 
by Mont auk ice. 

JACOB SAND. 

The Jacob sand seems to have been originally rather widely distributed, but it was much 
more generally removed by the Montauk ice invasion than the underlying formations. A 
fine clayey sand of the Jacob type is found, however, on Block Island, overlying the supposed 
equivalent of the Gardiners clay in the vicinity of Clay Head and Balls Point. At Nashaquitsa 
Cliffs, Marthas Vineyard, the Jacob horizon is represented by alternating clays, sands, and 
gravels; on Nantucket it is represented by the gray clay and sands furnishing an extensive 
fauna at Sankaty Head; and at Highland Light, Cape Cod, it is represented by fine, mealy 
yellow sand. 

MANHASSET FORMATION. 

Herod gravel member. — The Herod gravel member of the Manhasset formation appears 
to be one of the most extensive of the Pleistocene deposits, a gravel resembling it apparently 
outcropping nearly everywhere from Long Island to the vicinity of Boston, including Block 
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Island, the Rhode Island coast, Elizabeth Islands, Marthas Vineyard, Nantucket, Cape Cod, 
and the Massachusetts coast as far as Marshfield and Scituate. The member appears to be 
represented by the stratified sands and gravels fomid beneath some of the drumlins on the 
shores and islands of Boston Harbor and by similar materials foimd here and there beneath 
the thick till along the coast of New Hampshire and Maine. These deposits reach a thick- 
ness of at least 100 feet in places, generally constituting a large part of the bluffs at the Ehode 
Island and Massachusetts localities mentioned. North of Boston their thickness is greatly 
reduced, 10 feet being a common maximum, and at many points the gravels are absent. As 
on Long Island, most of the deposits of the Herod horizon have been extensively folded, and 
many of them have been eroded, presumably by the Montauk ice. 

* MorUauTc tiU member. — ^The Montauk member of the Manhasset formation is the most 
persistent of the Long Island deposits. On Block Island what appears to be the till phase 
of the Montauk is even better developed than on Long Island, constituting a heavy folded 
bed in the cliffs near Clay Head and Balls Point and forming a large part of the bluffs west of 
Southeast Light. On Marthas Vineyard a similar till is seen at several points in the bluffs 
on the north shore.- Similar conditions exist in Nantucket, although the till phase does not 
seem to be strongly represented. On Cape Cod it is found mainly in the form of reworked 
clay (probably Gardiners clay) from older formations, with a few pebbles and bowlders incor- 
porated in it. The best localities for observing the deposit are at the West Barnstable clay 
pits in the Chatham region and on the west side of the cape near Wellfleet. On the main coast 
however, the development seems to be much stronger, the till being a thick sheet filled with 
bowlders, giving rise to the bowlder pavements near Manomet Hill, south of Plymouth, and, it 
is believed, to the till hills and big drumlins of the Boston region. In northeastern New England 
it apparently continues to be the principal tiU, ranging from 20 to 300 feet in thickness. The 
invasion in New England, as on Long Island, seems to have been dual, the first advance deposit- 
ing the greater part of the material and the second advance accomplishing most of the folding. 
In fact, the later advance is in some places represented solely by its erosion unconformity. 
The folding is characteristic of the advance throughout, being foimd in northeastern New 
England as well as on Long Island. 

Hempstead gravel member, — ^The Hempstead gravel member of the Manhasset formation 
is limited as a continuous deposit to the western half of Long Island but seems to be developed 
as an interrupted sheet along the coast throughout New England. Gravel of this horizon 
is seen above the supposed Montauk till member on both the east and south coasts of Block 
Island; it caps the bluffs at many points on the north coast of Marthas Vineyard; it occurs 
above the fossiliferoiis beds at Sankaty Head, Nantucket; and it is seen at numerous places 
on the Elizabeth Islands and Cape Cod and along the Massachusetts coast to Plymouth and 
beyond. It is also found in New Hampshire and Maine above drift correlated with the Mon- 
tauk member, in places reaching a thickness of over 100 feet. 

VINEYARD EROSION INVERVAL. 

The extensive erosion unconformity developed in the stage following the deposition of 
the Hempstead gravel member of the Manhasset formation, is fully as well developed in southern 
New England as on Long Island, the terraces of Block Island, Marthas Vineyard, Nantucket, 
Elizabeth Islands, Cape Cod, and the Massachusetts coast showing substantially the same 
deep stream cutting previous to the deposition of the Wisconsin till as is found between Man- 
hasset Bay and Port Jefferson on Long Island. North of Boston little erosion occurred in 
early Vineyard time largely because of the submergence which continued through a considerable 
part of the stage and during which the *'Leda clay'' of the Maine coast was deposited. In the 
later part of the stage, however, a considerable uplift accompanied by erosion appears to 
have occurred in northeastern New England. 
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WISCONSIN DRIFT. 

The Wisconsin tifl sheet forms a mantle over the whole of New England essentially the 
same as on Long Island. On the whole it seems to be but little better developed than on the 
island, although in some places it reaches a somewhat greater thickness. F. G. Clapp * gives 
its maximum thickness in northeastern New England as 20 feet, which is about the same as 
the average in southern New England and Long Island. 

COBRELATION WITH THE NBW JEBSBY NONGLACIAL 70BMATI0NS.> 

GENERAL CGNDITIGNS. 

The conditions in New Jersey were so unlike those on Long Island and the nature of the 
deposits is so different that with the information at present available the correlations are of 
necessity doubtful, except perhaps in the vicinity of Staten Island. In the Long Island region 
the ice advanced with a long front facing the sea, into or along the borders of which it emptied 
its debris-laden waters. In New Jersey, on the other hand, the ice margin lay well back from 
the coast and its till and outwash accumulated on the surface of the land. The ice was not 
the only source of the material in the New Jersey region nor was the vicinity of the ice margin 
the only place of deposition. The Cretaceous and Tertiary highlands were everywhere being 
cut down and their materials were being deposited along the valleys, which in places were 
aggraded to elevations of 150 to 200 feet above the sea level. 

CORRELATIONS. 

The chief Pleistocene deposits of New Jersey and their correlation with the deposits of 
Long Island are shown in the table facing page 220. 

Lower Cape May terrace. — The lower Cape May terrace is composed of a quartz or granitic 
gravel, locally somewhat sandy, occurring as a low terrace about 20 feet above Delaware River 

'Arenton ^ 
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FiOUBS 206.— Diagram showing the relatloiis of the higher and lower Cape May terraces to the acMialled "Trenton grayd" along Delaware 

River in New Jersey. 

below Camden, as a broad, flat terrace bordering the sea at about the same elevation at Cape 
May, and as similar terraces in the reentrants of Raritan Bay and elsewhere. Along the Dela- 
ware it rises upstream, apparently rising above the higher Cape May terrace beyond Trenton 
and merging into the so-called '"IVenton gravels," a local development of the Cape May forma- 
tion. The relations appear to be as shown in figure 205 and would point to the completion of 
the valley phase of the Cape May in late Wisconsin time. The marine phase, however, seems 
to be somewhat older, apparently antedating the Wisconsin outwash, as no traces of it are found 
on Long Island, although the conditions were presumably as favorable for its formation as at 
the typical locality on the shores of Raritan Bay only a few miles away. The writer believes 
that the Delaware development of the Cape May corresponds with the great outwash streams 
of the Harbor HiU substage and regards the marine phase as having been developed at a some- 
what earlier stage, supposedly contemporaneous with the cutting of the great inland scarp 
bordering the Harbor Hill moraine from Brooklyn to beyond Jamaica. 

Higher Cape May terrace, — The deposits of the higher Cape May terrace are more quartzose 
than those of the lower terrace and carry a greater percentage of iron crusts from the Pensauken 
formation. Along the Delaware VaUey they include a considerable admixture of northern 
material, including fresh subangular granites, but in the tributary streams and coastal phases 

1 Boll. Qeol. See. America, vol. 18, 1908, table opp. p. 512. 

> In studying the correlat Jons the writer spent sevioral days in going over the best New Jersey localities with Mr. O. N. Knapp, of the New Jersey 
Geological Survey, in 1903, and two weeks in company with Dr. H. B. KQnunel, State geologist, in 1907. Cordial thanks are due for the many 
oourteoies and tlie valuable assistance received from the State Survey during these visits. 
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the materials are whoUy of local derivation. The higher Cape May terrace has a maximum 
elevation of 40 to 60 feet on the borders of Raritan Bay, along the New Jersey coast, and in the 
open Delaware Valley, but may rise to considerably higher levels in the tributary valleys. 
Inasmuch as the granites of the deposits are fresh, whereas in the next older formation (the 
Pensauken) they are invariably weathered or rotten, it seems likely that the higher Cape May 
terrace of the Delaware Valley corresponds with the Manhasset formation of Long Island, in 
which the pebbles are likewise fresh. No deposit is known on Long Island with which the 
higher terraces of Raritan Bay and the coast can be correlated, unless it may be the 40-foot 
terraces (Hempstead gravel member) on the Montauk peninsula. 

InUrmediaie stream deposits, — ^Deposits of locally derived gravels have been formed mainly 
in the valleys cut in the underlying Pensauken by tributary streams entering the Delaware 
trough. They are lower than the Pensauken and higher than the uppermost Cape May, and 
represent the deposits of the intervening stage, constituting a subaerial formation probably 
contemporaneous with the marine Gardiners clay of Long Island. 

PensauJcen formation. — The principal development of the Pensauken formation is in the 
great trough in the Cretaceous deposits extending across the State from Raritan Bay to Trenton 
and down the Delaware Valley to Salem County. In this region the formation is commonly 
an arkosic ferruginous sand or quartz gravel containing numerous pebbles of rotten red shale 
and deeply weathered granites but no fresh pebbles. The formation in the tributary valleys 
and along the coast is composed of local materials derived largely from the Bridgeton formation. 
In the trough mentioned the formation attains a maximum altitude of 150 to 200 feet, but 
along the coast it stands at about 90 feet. In general it lies in troughs or valleys eroded in the 
Bridgeton formation. 

The presence of bowlders apparently ice rafted along the Delaware belt suggests that it 
was formed during an ice advance, but there are many difficulties in the way of definite cor- 
relation with the deposits of Long Island. Weathering is, on the whole, distinctly more 
advanced in this formation than in most of the Manhasset of Long Island, although not more 
than in certain phases such as those at Lloyd Neck (p. 136). According to the sequence of 
events it should be correlated with the Jameco gravel, but a grave difficulty is encountered 
in the fact that the upper surface of the Jameco is 50 feet or more below sea level, and that 
of the Pensauken formation along the coast is at least 90 feet above it, although the localities 
are only a few miles apart. The Jameco is a glacial formation and may have been deposited 
-at some depth below the sea while the nonglacial Pensauken formation was accumulating at a 
considerable elevation above it. Such an origin of the Jameco demands a subsidence, as the land 
stood considerably higher both immediately before its formation (as shown by the post-Mannetto 
erosion valleys) and unmediately after it (as indicated by the marsh deposits and the shallow- 
water fauna of the Gardiners day) . Unless another glacial stage is introduced, of which there 
is no other indication, there seems to be nothing besides the Jameco with which the Pensauken 
can be logically correlated. In being a valley formation in an erosional depression of an older 
surface, it agrees with the Jameco. 

Bridgeton formation, — The Bridgeton formation is largely a cross-bedded quartzose gravel 
of the Mannetto type, with some rotten cherts and granites, and was developed over extensive 
upland areas in southern, central, and northern New Jersey. It was afterwards largely removed 
in the central part, where it is now found only as caps on the higher hills. In elevation it varies 
from 100 feet at the southern limits to 200 feet in Camden County. Its habit is the same as 
that of the Mannetto gravel of Long Island, the formation occurring as a broad, sloping terrace, 
which as a rule covers and obliterates the underlying Cretaceous uplands of New Jersey in 
the same manner as the Mannetto gravel covers the Cretaceous remnants in the Mannetto 
Hills of Long Island. The character of the Bridgeton formation and its position in the PJeis- 
tocene series are so similar to those of the Mannetto gravel that its correlation with the Mannetto 
seems reasonably certain. The two formations are probably contemporaneous with the extra- 
inorainal drift farther north in New Jersey. 
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section Inclay pit at 141 

Eaton Neck, Cretaceous outcrops on 71 

Qardlnersclay on, possible exposure of 97 

Jacob sand absent from 109 

Manhasaet plateaus, figureshowing 31 

Mannetto gravel on 83 

Montauk till member on and near 137 

figure showing 97 

record of L. A. Bevin's wellon 74 

section north of, figure showing 97 

Elm Point, Cretaceous outcrop at C8 

Eocene deposits, evidence of 79 

Eocene time, events of 194 

Erosion by the Ilontauk ice sheet 200 

early Pliocene, summary cf 194 

post-Lafayette, evidence cf 195 

summary of 195 

post-Mannetto, summary cf 196-197 

pre>Wiaoonsin scarp formed by, plate sliowlrg 52 

Recent scarp formed by, plate showing 52 

Vineyard, summary of 208-209 

Exogjrra costata, occurrence of 7 

F. 

Faceting, pebbles showing 122, 127 

Fans, alluvial, nature and occurrence of 177 

comxKnmd, character and examples of 37 

profile of , figure showing 37 

confluent, formation and examples of 3&^7 

simple, formation of. 36 

Farmingdale , Cretaceous exposure at 72 

Mannetto gravel near 82 

Far Rockaway , record of James Cafiery's well near 87 

Far Rockaway Beach, location of 1 78 

Field work, periods of 1-2,3 

Fire Island Beach, description of 177-178 

erosion of 178 

Fishers Island, Oardiners day on 101-102 

Oardiners clay on, sections of, figures showing 101, 102 

Herod gravel member on 130 

figures showing 101 , 102, 130, 147 

index map of 101 

Jacob sand on 112 

figures showing 101, 102, 112, 147 

Montauk till member on 147 

figure showing 147 

Folding during Montauk substage, causes and character of 201-207 

Folding by the Wisconsin ice sheet, figure showing 210 

Fort Salonga, section on coast near, figure showing 126 

Fosse channels, parallel, on Montauk peninsula, plate showing ... 34 
Fosses, morainal, formation and varieties of 47-48 

morainal, profiles of, figures showing 47, 48 

Fossils in the Oardiners clay 105-106 

in the Jacob sand 111,113-114 

Fresh Pond Landing, ket tie valley near, plate showing 42 

llanbasset formation near 117 
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Friars Head, dunes near, plate showing 34 

Hempstead gravel member near 153 

figures showing 153 

Herod gravel member near, figures showing 126, 153 

Montauk till member near, plate showing 114 

G. 

Oardiners Bay, formation of 27-28 

Oardiners clay, age of 104-106 

character of 93-94 

oorrelatfons of 220 

distribution of 96-104 

fossils in 104,106-106 

on Oardiners Lland, plate . howing i lO 

origin of name of 92 

relation of, to older deposits 94 

source of materials of 94 

structure of 95-06 

thlcknes .of 104 

upper contact of, character of 95 

wells penetrating 102-103 

Oardiners Interglacial stage, events of 197-188 

Oardiners Island, fossils on 113-114 

Oardiners clay on lOO 

sections of, figure showing lOO 

plate showing loo 

Hempstead gravel member on 156 

figure showing 146 

Herod gravel member on 19 

flguresahowtDg 100,110,129,146 

Jacob sand on 110-111 

figures showing loO, 110, 129 

plate showing 110 

Jameco gravel on, possibility of 89^00 

Montauk till member on 146 

figures showing 100, 146 

section near Cherry Hfil Point 106 

section on, near Eastern Plain Point, figure showing 95 

section on northeast shore of, figure showing 90 

WiMxmsin tfil on 162-163 

Oeologic features , 1 ist of 1 85-192 

Oeologio map, character of 65 

Olaciation, Hempstead, summary of 206 

Jameco, summary of 197 

Mannetto, summary of 195-196 

Montauk, summary of 199-206 

Vineyard, summary of 206-209 

Wisconsin, sketch map showing extent of 210 

Wisconsin, summary of 209-212 

Olen Cove, Cretaceous outcrop at 60 

Montauk till member near 135-136 

figure showing 106 

record of F. E. Willets's well near 132 

Oneiss, Fordham, occurrence of 66 

Oravels on Lloyd Neck, plate showing 136 

Oreat Neck, Huntington, Cretaceous outcrops on 71 

Mannetto gravel on 83 

till moraines on 35 

Oreat Neck, North Hempstead, Hempstead gra\'el member on. . . 162 

Herod gravel member on 125 

Manhasset formation on 115 

Montauk till member on 135 

topographic map of 30 

Oreat Peoonic Bay, formation of 27-28 

Oreat South beaches, dunes of 181 

Oreenport, Montauk till member near 140-141 

Montauk tlU member near, figures showing 110, 126, 140 

record of well of Oreenport waterworks 75 

Oull Island, record of United States Army well on 91 

H. 

Halesite , record of well of Huntington Light & Power Co. near 87 

Half Hollow Hills, Manhasset formation in 118 

Mannetto gravel in 82 

Montauk tUl member in, probable deposit of 141 

Hallock Landing, Oardinersclay near, evidence of 97-98 

Herod gravel member near, figtue showing 126 

Jacob sand near 109 

figure showing 103 
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Hallock Landing, section west of, figure showing OR 

Hampton Beach, description of 177-178 

Harbor Hill moraine, bowldery part of, plate showing 32 

character and source of material in 169 

distribution of 169-172 

origin and extent of 168 

outwash plain along, plate showing 32 

profile of, figure showing 32 

Hauppauge, moraine near, plate showing 34 

Hempstead glacial substage, events of 208 

Hempstead gravel member, age of 157 

character of 150 

distribution of 151-157 

position of 115 

relations of, to older deposits 159 

unconformable contact of, with Cretaceous deposits, plate 

showing 152 

wells penetrating 156-157 

Hempstead Harbor, Cretaceous outcrops near 6$ 

Oardinersclay at 96 

Herod gravel member near 125 

Jacob sand near 108 

Manhasset formation near 116 

Manhasset plateaus near, plate showing 32 

Mannetto gravel near 83 

section north of Weeks Point on, figure showing 106 

Hempstead, Manhasset formatk>n in 118 

outwash near 173 

Hempstead Plains, outwash character of 37 

structure of 167-168 

Hempstead time, uplift in 219 

Herod glacial substage, events of 199 

subsidence in 219 

Herod gravel member, age of 132 

character of, in Central and Eastern Long Island 122-123 

in Western Long Island 121-122 

distribution of 125-132 

on Oardiners Ishmd, plate showing 110 

position of 116,121 

pseudobedding in, figure showing 122 

relation of, to other deposits 124 

section of, near Quince Tree Landing, figure showing 124 

structure of 124 

wells penetrating 130-132 

Herod Point, Herod gravel member near, figure showing 126 

Hewlett Point, record of O. B. Wilson's well near 112 

Hicksville, confluent fans near 37 

High Hill, morainal character of 32 

relation of, to the Ronkonkoma moraine 164 

History, geologic, outline of 192-219 

Hog Creek Point, Hempstead gravel member near 155 

Hempstead gravel member near, figures showing. . 128, 142, 143, 155 

Montauk till member near 142-143 

figures showing 142, 143 

Hog Nock, Oardiners Clay on, evidence of 99 

Jameco gravel on, possible occurrence of 89 

Montauk till member on 142 

Hollick, Arthur, acknowledgments to 3 

Hooks, formation of 179 

Hoppers. See Amphitheaters. 

Hudson River, rock channel of, origin of 62-64 

rock channel of, probable depth of 61 

submarine channels of, cross section of, figure showing 61 

description of 61-62 

map showlog 60 

relations of, figure showing 61 

Huntington, Manhasset formation near 116 

outwash near 173-174 

I. 

Ice, shove and drag by 34-35 

Isalx^JIa B<!aoh, soction of, figure showing 102 

Islets, joining of, to main Island 178-179 

J. 

Jacob Hill , Ciardiners clay at 98 

Hcmi>stead gravel member near 154 

fijaires showing 154 

Her jd j^ravol meml)er near, figures showin:j 109, 143 
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, Jacob Hill, Jacob sand at and near 109-110 

figures showing 109 

Jameco gravel at, possible occurrence of 88 

section near, figures showing 95,98 

Jacob sand, age of 113-114 

character of 107 

correlations of 220 

distribution of 108-1 13 

fossils in 111,113-114 

on Oardiners Island, plate showing 110 

relation of, to older deposits 107-106 

source of 107 

structure of 106 

wells penetrating 112-113 

Jacob transittonal stage, events of 198 

Jamaica, outwash near 173 

till moraine near, plate showing 32 

Jameco glacial stage, events of 197 

Jameco gravel, age of. 92 

character of 85-88 

correlations of 220 

distribution of 89-91 

origin of name of 85 

relations of, to older deposits 88 

structure of 88-89 

wells penetrating 90-01 

Jameco time, subsidence in 218-219 

Jamesburg loam, deposits resembling 172, 173 

Johnson, B. L., acknowledgments to 3 

Johnson, D. W., acknowledgments to 3 

cited 4^-43 

Jones Beach, k>catkni of 178 

K. 

Kettle chahis, near Bridgehampton, plate showing 42 

examples of 42 

northwest of R iverhead, plate showing 42 

Kettle channels, character of 47 

character of, figure showing 47 

Kettle plains, chaiacter and examples of. 43 

profile of, figure showing : 43 

Kettle valleys, branching, example of, plate showing 52 

example of, near Bridgehampton, plate showing 42 

near Fresh Pond Landing, plate showing 42 

formaticm and examples of 42-43 

formation of, figures showing 42 

northwest of Riveiiiead, plate showing 42 

Kettles, double, examples of 42 

elevated rims of, formation of 41 

formatkm of, figures showing 41, 174 

from buried ice blocks, formation of 39 

formatton of, figure showing 39 

from projecting ice masses, character of 39-13 

formation of 39 

figure showing 39 

slopes of sides of 39 

figure showing 39 

marshes in 184 

of doubtful origin, examples of 43-44 

of the Manhasset surface, formatkm of 35,44 

of the outwash deposits, character and varieties of 39-44 

of the stratified moraines, character of 38,39 

of the till moraines, character of 38 

origin and varieties of 38-44 

relatfon of channels to 48 

terraced, formatkm of 40-41 

formation of, figures showing 40,41 

typical forms of, examples of 40 

L. 

Lafayette formation, deposition of 194-195 

evidence of 80 

Lake Ronkonkoma, topographic features near, plate showing 46 

Landslides, area of, at Broken Ground, plates showing 54, 55, 56 

causes and examples of. 55-56 

displacement in, figure showing 56 

Lattingtown, Cretaceous outcrop near 68 

Lignite, occurrence of 103, 106 

Literature on Long Island, periods of. 4-20 
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Little Neck, Huntington, Cretaceous deposits on 71 

Cretaceous clays on, plate showing 82 

Hempstead gravel member on 153 

figure showing.. 1S3 

Mannetto gravel on 83 

Montauk till member on 137 

unconformable contact between Hempstead gravel member 

and Cretaceous deposits on , plate showing 152 

Little Neck Bay, Herod gravel member west of 125 

Wisconsin till near 161 

Little Peconlc Bay, formatton of 27-28 

Lloyd Beach, section north of 83 

Lloyd Neck, clays on, section of 97 

Cretaceous deposits on 70-71 

plate showing 66 

section of 70 

Oardhiers clay on, possible exposure of 96-07 

graveb on, plate showing 136 

Hempstead gravel member on 152-153 

figures showing 162 

Jacob sand absent from 100 

Manhasset plateaus near, figure showing 31 

Mannetto gravel on 83 

Montauk till member on 136 

figures showing 136,152, 163 

plate showing 136 

Wisconstai till on, plate showhig 136 

Lloyd sand, application of the term 67 

Long Beach, locatkm of 178 

record of well of Long Beach Association at 73-74 

Long Island, cross sections of, figure showing 120 

form of. 23-24 

agencies producing 24 

geologic map of In pocket. 

geologic relations of 1 

index map showing 1 

location of 1 

north-4outh profile of, figure showing 22 

topographic map of In pocket. 

Long Island City, Wisconsin tiU in 160-161 

Long Island Sound, Cretaceous structure and submarine channels 

of, map showing L9 

development of 66-59 

later channels ki 6&-60 

Luce Landing, Herod gravel member neir, figure showing 140 

Mon tank till member near 130-140 

figures showing 109, 140, 154 

section east of 139 
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Manhasset formation, belts formed by 119-121 

correlations of 220-221 

distribution of 115-121 

folded beds of, plates showing 114, 152 

older valleys in 45-46 

origin of name of 114-115 

plateaus of 30-31 

figures showing 30,31 

source of material of 123-124 

topography formed by, figure showing 22 

plates showing 32,118 

wells penetrating 119 

Manhasset glacial stage, events of. 199-208 

Manhasset Neck, Hempstead gravel member on 152 

Hempstead gravel member on, figure showing 135 

Herod gra\^l member on 125 

figure showing 135 

Manhasset formatfon on 115 

Mannetto gravel on 82 

Montauk till member on 135 

figure showing 136 

retreatal deposit on 176 

top(^raphic map of 30 

tmdermined peat on, plate showing 182 

Manhasset plateau, figures showing 22,30 

* plateshowing 32 

Manhattan Beach, location of 178 
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Mannetto glacial stage, events of 195-196 

interglacial period folfowing, events of 196-107 

Mannetto gravel, age of 85 

character of 80 

correlations of 219-220 

table showing 220 

distributfon of 81-86 

hills of 30 

origin of name of 80 

relatfons of, to older deposits 81 

figure showing 81 

structure of 81 

topography of, plate showing 32 

valleys in U-4B 

wells penetrating 84 

Mannetto Hills, Manhasset formatfon near 118 

Mannetto gravel In 82 

valleys in 45 

region of, topographic map of 28 

Mannetto plateau, remnant of. 30 

Mannetto time, subsidence in 217-aiB 

Marine deposits, kinds and occurrence of 177-180 

Marl, beds containing, section of W 

Marshes, fresh, formation of 18MM- 

produeed by damming streams m 

salt, formatfon of 184-«8i 

Mather, W. W., cited 6^181 

Mattituck, kettle valley near, plate showing 62 

Manhasset formatfon near 117 

Mattituck Inlet, former character of 28 

Melville, Cretaceous exposure near 72 

Cretaceous exposure near, sectfon of 72 

Mannetto gravd near 82 

maily beds near, section of 68 

Melville channels, description of 175 

Middle Island, Manhasset formation near 117 

topogrephfo features near, plate showing 116 

Wisconsin till near 162 

Mill Neck, Cretaceous outcrop on 70 

Miller Place, end of the Manhasset plateau near 116 

Miocene deposits, evidence of 80 

Miocene time, events of 194 

Montauk, blufT sectfon near "First House" at 156 

Montauk glacial substage, events of 199-208 

subsidence in 219 

Montauk peninsula, fosse channels on, plate showing 34 

Hempstead gnvel member on 155-160 

fligures showing 143,144,151,155,160 

Herod gravel on 128 

figures showing 124, 128 

Montauk till member on 143-145 

figures showing 89,99, 124, 128, 143, 144, 145, 151, 155, 156 

sectfon on, figure showing 151 

Montauk Point, Gardiners day on 99 

Jacob sand near Ill 

figures showing 89,99, 107,128 

Jameco gravel on, possible occurrence of 80 

sections on, figures showing 89,99, 107 

Montauk till member, age of 149-160 

banded, near Friars Head, plate showing 114 

character of 133-134 

contact of with Wisconsin till, plate showing 136 

distribution of 135-149 

position of 132 

relation of, to other deposits 134 

section of, west of Hulse Landing 138 

source of materials of 134 

structure of 134-135 

wells penetrating 147-149 

Moraines, cone^haped, formation of 33-33 

cono-shaped, profiles of, figure showing 32 

depressed, example of,near Hauppauge 166 

example of, near Port Jefferson 170 

near Port Jefferson, plate showing 34 

nature of 33-34 

relation to outwasb, figure showing 34 

due to ice shove and drag, description of 34-35 

of sand and gravel, example of, plate showing 32 
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Horaines, ridge-ahaped , example of, plate showing 34 

ridge-ahaped, formation of 33 

8tra t ifled , nor mal profile of, figure showing 38 

tOl, character and varieties of 34-35 

example of, plate showing 32 

Had cones near Douglaston, plate showing 183 

Ualford Point, Jameoo gravel near, possible oocurrence of 89 

N. 

Napeague B each , dunes at 181 

New England, correlation with deposits in 21^222 

southern, index map showing 1 

New Jersey, Oetaceous deposits of, correlation with 77 

nonglacial formations in, correlation with 222-223 

Pleistocene deposits in, literature of 19-20 

New Jersey State Geological Survey, acknowledgments to, note. . 222 

North Fluke, bowlder beach of, plate showing 162 

lianhasset formation on 117 

outwash on 1 74 

Wlsoonsfai till near 162 

Northport, Cretaceous clays near, plate showing 82 

Cretaceous outcrop near 71 

Herod gravel member near 126 

landslide area near, plates showing 54, 55, £6 

Montauk till member near 137 

figure showing 126 

North shore, contour of, east of Port Jefferson 27 

dunes of 182 

harbors of, formation of 25-26 

original and present cross sections of, figure showing 26 

marshes of 185 

scarp of, formation of 25 

successive forms of, figure showing 25 

Notched cliffs, production of 61-62 

profile of, figure showing 62 

O. 

Oak Island Beach, location of 178 

Oregon Hills, Hempstead gravel member near 164 

Hempstead gravel member near, figure showing 140 

Montauk till member in 140 

figure showing 140 

Orogenic movements, Pleistocene and Recent, summary of 217-219 

Outwash deposits, along Harbor Hill moraine, character of 172-173 

along Harbor Hill morafaie, distribution of 17^176 

plate showing 32 

along Ronkonkoma moraine, character and source of material 

in 166-167 

distribution of ^ 167-168 

relations of, to older deposits 167 

channels in 176-176 

extent and varieties of 36-38 

near Port Jefferson, plate showing 34 

secondary features of 37-38 

topography of, near Amagansett, plate showing 118 

near Southampton, plate showing 118 

Oyster Bay, Hempstead gravel member near 152 

Hempstead gravel mem tor near, figure showing 96 

Herod gravel member near 125 

figure showing 125 

Jacob sand near 108 

Manhasset formation near 116 

Manhasset plateaus near, figure showing 30 

Montauk till member near 136 

figure showing 96 

Wisconsin till near 161 

P. 

Paine Landing, Herod gravel member near, figure showing 126 

Paleontologic phase, early, of Long Island geology 6-9 

Patchogue, dunes near 182 

Peacock Point, record of C. O. Gates's well near 74 

Peat, occurrence of 213, 214 

undermined, on Manhasset Neck, plate showing 182 

Peconio Bay, origin of 27-28 

Peoonic River, former course of. 28 

fosse position of 120 

Wisconsin till near 162 
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Pensauken formation, correlation with 223 

Plain, confluent, formation of 37 

PUUnview, Mannetto gravel near 82 

Plants, salt-marsh, range of 213 

Pleistocene formations, correlations of 219-223 

correlations of, status of 2-^ 

in New Jersey, literature of 1^20 

record of 80-176 

Pleistocene time, events of 195-212 

lengths of stages in 216-21 7 

position of land with reference to sea level In, figure showing. . 218 

Pliocene time, events of 194-195 

Plum Island, Gardiners clay on 100-101 

Gardiners clay on, section of, figure showing 101 

Hempstead gravel member on 156 

figure showing 146 

Herod gravel member on 129-130 

figures showing 1 11, 130, 140 

Jacob sand on Ill 

iSgure showing Ill 

Montauk till member on 146-147 

figures showing » . Ill, 146, 147 

record of United States Army well on 91 

Port Jefferson, depressed moraine near 34 

depressed moraine near, plate showing 34 

Hempstead gravel member near 163 

Manhasset formation near 116 

Montauk till member near 138 

outwash near 174 

plate showing 34 

Wisconsin tin near 161 

Port Washington, folded beds of Manhasset formation near, plate 

showing 114 

Jacob sand at 108 

record of well of Dodge estate near 113 

Pre-Cretaceous rocks, character and occurrence of. 63-66 

sections showing 66 

Pre-Cretaceous time, events of. 192-193 

Pseudokettles, varieties of. 44 

Pseudomoraines, character of 35 

example of, near Friars Head, plate showing 34 

Q. 

Quaternary time, events of 195-219 

formations of 80-186 

R. 

Ravines, obstruction of 52 

obstruction of, figure showing 62 

refUlingof 62 

figure showing 52 

Recent time, deposits of 176-177 

erosion scarp of, plate showing 62 

events of 212-216 

Red Cedar Point, (Gardiners clay near 99 

Retreatal deposits, nature and occurrence of 176 

Richmond Hill, confluent fans near 37 

Riverhead, dunes near 182 

kettles south of 38,39 

Manhasset formation near '. 117 

marshes formed at 183 

Montauk till member near 139 

figures showing 109, 139, 153 

moraine southwest of, plate showing 32 

outwash deposits near 174 

peat d6p<»its near 214 

Roanoke Landing, Hempstead gravel member near 154 

Hempstead gravel member near, figures showing 139, 153 

Jacob sand near, figure showing 96 

Roanoke Point, Gardiners clay near, evidence of 98 

Herod gravel membo' near, figure showing 139 

sections east of, figure showing 98 

Robins Island, Gardiners clay on 08-99 

Hempstead gravel member on I66 

'figures showing 145, 156, 157 

Herod gravel member on 128-129 

figures showing 99,110,127,156 
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Robins Island, Jacob sand on 110 

Jacob sand on, figures showing 99, 110 

Manhasset formation on 117-118 

Montauk till member on 145 

figuresbowing 145 

sections on, figure showing 90 

Wisconsin tUl on 162-163 

Rockaway Beach, location of 178 

Rockaway Ridge, gravel of 127 

Manhasset formation on 118 

Rocky Point, Cold Spring Harbor, Gardiners clay on 96 

Rocky Polat Landing, Gardiners clay near 97 

sections near , figures showing 97-210 

Rocky Point, north of Greenport, Hempstead gravel membw near. 154 
section south of 154 

Rocky Point village, Manhasset formation near 117 

outwash deposits near 174 

Ronkonkoma moraine, character and source of material in 163, 164 

distribution of 164-166 

Ronkonkoma, Manhasset formation near 118 

profile of, figure showing 22 

relations of, to older deposits 164 

Roslyn, Manhasset formation near ^... 116 

Montauk till member near 135 

outwash deposits near 173 

Roslyn channel, description of 175 

S. 

Sag Harbor, Gard iners clay near , 90 

Hempstead gravel member near 154 

figures showing 154, 155 

Herod gravel member near 127-128 

sections of, figures showing 127, 142 

Montauk till member near 142 

figures showing 142, 154 

Salisbury, R . D., cited 161 

Sands, magnetic and gametiferous, nature and distribution of. 179-180 

Sankaty beds of Woodworth and of V^eatch, difference between 02 

Scarp, great inland, of Western Long Island, character and origin of 53-54 

inner, in Broken Ground landslip area, plate showing 56 

modified , examples of , plate showing 52 

north shora, how formed 25 

pre- Wisconsin, plate showing 52 

Recent, plate showing 52 

Scarps, inland, character and examples of 53 

Scope of this report 3,20-22 

Scuttle Hole kettle valley, description of 42-13 

Sea Cliff, Cretaceous outcrops at 60 

Sebonac Neck, Gardiners clay on 99 

Selden, dunes near 182 

semidone surface near, plate showing 182 

Shelter Island, Herod gravel member on, indications of 129 

Jacob sand on 110 

Manhasset formation on 117-118 

Montauk till member on, probability of 145-146 

Wlsconstatillon 162-163 

Shinneoock Bay, Herod gravel member near 127-128 

sections in Herod gravel member near, figures showing 126, 127 

Manhasset formation near 118-119 

Shtoneoock Canal, Gardinerst;lay near 99 

Hempstead gravel member near 154 

figure showing 154 

Montauk till membernear 141-142 

figuresshowing 142, 154 

Shinnecock Hills, dunesat 181 

partly moralnal character of. 35 

relation of, to the Ronkonkoma moraine 166 

Short Beach, location of 178 

Smithtown, dendritic drainage system at 26 

Manhasset formation near 116 

outwash deposits near 174 

topographic featuresnear, plateshowing 46 

Smithtown Bay, Hempstead gravel member near 153 

Hempstead gravel member near, figure showing 137 

Smith town drif tlees area, location and itotures of 162 
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Smithtown harbor, hooked sandspit at entrance to, plate showing. 178 

South Fluke, Herod gravel member on 127-128 

Manhasset formation on lis 

Wisconsin till on 183 

South shore, marshes of 183, 184-185 

outline of. 28-20 

Southampton, outwash topography near, plate showing 118 

Si)artina patens association, occurrence of 214 

Spit, hooked , at entrance to Smithtown harbor, plate showing 178 

Spits, formation of 177-178 

Springfield pumping station, well sections at 87 

Springs, work of, in causing landslides 55-^56 

Stony Brook, Herod gravel member near 126 

Herod gravel member near, figure showing 137 

Montauk till member near 137 

figure showing 137 

Stream channels, deposits in 177 

Subsidence, evidence of 212-216 

in Mannetto time, summary of 217-218 

in Pleistocene stages, figure showing 218 



Terrace, profile of , figure showing 2O8 

Tertiary thne, deposits of 79-80 

events of 194-105 

Thomaston, Cretaceous outcrop at 68 

Till, kettle rim of, figure showing 174 

Montauk, banding of. 2OO 

moraine of, near Jamaica, plate showing 32 

Till sheet, character of 158-159 

distribution of 160-163 

figure showing relations and structure of 160 

ridge of 161 

source of material of. 150-160 

Topography, significance of .-. 22-23 

Trenton gravel, relations of, to Cape May terraces, figure show- 
ing : 



United States, eastern, physiographic provinces of, map showing. 

Uplift, Pleistocene, flguro showing 

post-Mannetto, summary of 

V. 



2 

218 
212 



Valley Stream, section near, figure showing 89 

Valleys associated with the moraines, varieties of 46-48 

Valleys, difference in steepness of banks of 50-51 

difference in steepness ofWiks of, figure showing 50 

hanging, production of 52 

production of, figure showing 52 

Mannetto, formation and examples of 44-45 

north shore, original and present cross sections of, figure show- 
ing 26 

post-Wisconsin, types and formation of 51-52 

pre-Mannetto, influence of 44 

Veatch, A. C, acknowledgments to 8 

Vineyard formation, character and occurrences of 157-158 

Vineyard interglacial stage, correlations of 221 

events of 206-209 

W. 

Wading River, Manhasset formation near 117 

Montauk till member near 138 

figure showing 126 

Water, work of 212 

Waves, work of, in causing landslides 55 

Wells penetrating Gardiners clay, list of 102-103 

Hempstead gravel member, list of 157 

Herod gravel member, list of 130-132 

Jameoo gravel, list of 90-01 

Manhasset formation, list of 110 

Blannetto gravel, list of 84 

Montauk tiU member, list of 147-140 

West Hill, possible Cretaceous core of 29 
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West Hilto, H. L. Stlmpson's well in, samples from 84 

WeBt Neck, Herod gravel member on 125 

record of Mrs. M. H. Clots's well on 113 

Wheatley, topography near, plate showing 32 

Wheatley Hills, Hannetto gravel tn 82 

Mannetto valleys in 44-45 

outwash deposits near 173 

Wind, work of 212 

Wind deposits, character and distribution of 180-181 

Winkle Point, Mannetto gravel near, section of 83 

Wisconsin drift, correlation of 222 

divisions of 158 

Wisconsin glacial stage, events of 209-212 

Wisconsin till, banded, in Dix Hills, plate showing 162 



Page. 

Wisconsin till, contact of, with Montauk till member, plate showing . 136 

Wisconsin time, subsidence in 219 

Woodhull Landing, Gardiners clay at, possible exposure of 97 

Herod gravel member near 128 

figure showing 126 

section of, figure showing 125 

section at top of blufls near, figure showing 210 

Woodville Landing, Jacob sand near 109 

Jacob aand near, figure showing 109 

Woodworth, J. B., cited 63 

Wyandaach. Cretaceous outcrops near 71-72 

y. 

Yaphank, Manhaaset formation near 118 
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